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EXECUTIVE SUMMARY

As part of the Department of Defense Installation Restoration Program
(IRP) used to investigate potentially contaminated sites on Air National
Guard property, Environmental Resources Management (ERM)
conducted a Remedial Investigation (RI) at the Washington Air National
Guard's Seattle Air National Guard Station (Seattle ANGS). The Seattle
ANGS occupies approximately 7.5 acres near the north end of the King
County International Airport (Boeing Field) in Seattle, Washington. A
Preliminary Assessment/Site Inspection conducted at the Seattle ANGS in
1994 recommended further investigation of the site's area of concern,
hereafter referred to as IRP Site 1 - Burial Site.

The RI was conducted in two phases. Phase I was conducted in 1996 and
1997, and included the collection of storm sewer catch basin samples,
surface and subsurface soil samples, screening-level groundwater samples
(using direct-push technology), and the installation and quarterly
sampling of groundwater monitoring wells. Aquifer tests also were
conducted to estimate the hydraulic conductivity of the shallow
groundwater-bearing unit at the site. Phase II was conducted in 1998 and
1999, and included the collection of soil vapor samples, additional
subsurface soil samples and screening-level groundwater samples, and the
installation and quarterly sampling of additional groundwater monitoring
wells.

Scil samples collected at the Seattle ANGS indicate that the near-surface
geology consists of approximately 8 feet of silty sand fill material
urderlain by a fine-grained sand that is uniform to at least the maximum
depth explored during the RI (approximately 21 feet below ground
surface). Unconfined groundwater occurs at approximately 6 to 10 feet
below ground surface. The inferred groundwater flow direction is toward
the south-southeast. Hydraulic conductivity estimates derived from
aquifer slug tests range from 1.25x104 to 6.09x10 feet per second (3.29 to
16.04 meters per day).

Project screening goals (PSGs) were developed for constituents detected in
soil and groundwater samples collected during the RI. The PSGs were
derived from chemical-specific applicable or relevant and appropriate
requirements and site-specific background concentration data. No
contaminants of potential concern (COPCs) were detected in soil at
concentrations above PSGs. COPCs detected in groundwater at

ES-1

KCSlip4 41256

SEA407786



FINAL

concentrations above PSGs include the volatile organic compounds
(VOCs) benzene, tetrachloroethene, and trichloroethene.

Benzene was detected at a concentration of 7.6 micrograms per liter (ug/1)
in one screening-level groundwater sample collected in the southern
portion of the Station. The Washington State Model Toxics Control Act
(MTCA) Method A Cleanup Level for benzene is 5 ug/l. Benzene has not
been detected in groundwater samples collected from monitoring wells.

Tetrachloroethene was detected above the MTCA Method A Cleanup
Level of 5 pg/l in four groundwater samples collected from two
background monitoring wells along the northern Station boundary. The
maximum concentration detected was 17 pug/1.

Trichloroethene (TCE) was detected above the MTCA Method A Cleanup
Level of 5 pg/! in six groundwater samples collected in the southern
portion of the Station (three screening-level samples and three collected
from monitoring wells). The maximum concentration detected was 83

ug/l

The source of the VOCs detected in groundwater has not been identified.
The RI findings suggest that the VOCs are unrelated to past or present
activities at the Seattle ANGS. The TCE detected in the southern portion
of the Station may be related to a dissolved TCE plume that exists beneath
the Boeing site immediately south of the Seattle ANGS; TCE
concentrations up to 1,000 ug/l have been reported in shallow
groundwater at this site.

Based on the results of the RI, continued quarterly groundwater
monitoring for 1 year is recommended to assess trends in VOC
concentrations and to evaluate compliance with MTCA.

ES-2
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SECTION 1.0

INTRODUCTION

This report describes the Remedial Investigation (RI) conducted at the
Seattle Air National Guard Station (Seattle ANGS) in Seattle, Washington.
The RI was conducted as part of the Air National Guard (ANG)
Installation Restoration Program (IRP) under Contract DAHA90-94-0014,
Delivery Orders 0032 and 0051. The Air National Guard/Installation
Restoration Program Branch (ANG/CEVR) provided technical and project
management oversight for this investigation on behalf of the ANG. The
RI Report follows the general format recommended by ANG/CEVR and
contains the basic contents suggested in the United States Environmental
Protection Agency (USEPA) document Guidance for Conducting Remedial
Investigations and Feasibility Studies Under CERCLA (USEPA 1988).

The RI was conducted in two phases: Phase 1, conducted in 1996 and 1997,
and Phase II, conducted in 1998 and 1999. The objectives of the RI were
to: 1) evaluate the nature and extent of potential contamination related to
IRP Site 1 - Burial Site; 2) assess site-specific background concentrations of
contaminants of potential concern (COPCs) in soil and groundwater; and
3) provide recommendations for additional remedial actions as
appropriate.

Report Organization

This Phase II RI Report provides a summary of the activities for the RI and
is organized into 11 sections and 7 appendices. The contents of the
sections are as follows:

* Section 1.0 provides general introductory information for this report;

* Section 2.0 provides background information for the Seattle ANGS,
including a summary of the Phase 1 RI and other previous
investigations;

* Section 3.0 summarizes the environmental setting in the vicinity of the
Seattle ANGS;

1-1
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Section 4.0 describes the Phase II field investigation program;
Section 5.0 describes the Phase II investigation findings;

Section 6.0 discusses Federal and State applicable or relevant and
appropriate requirements (ARARs);

Section 7.0 discusses contaminant fate and transport;
Section 8.0 discusses risk assessment;

Section 9.0 presents conclusions;

Section 10.0 presents recommendations; and

Section 11.0 lists references.

The following appendices are included with this report:

Appendix A contains technical memoranda for Phase II field activities;

Appendix B contains Phase II borehole logs and well construction
diagrams, including field-screening data;

Appendix C contains land survey data for the RI sampling locations;

Appendix D contains information regarding investigation-derived
waste management;

Appendix E lists the repositories of laboratory analytical data
packages;

Appendix F contains quality control (QC) data review/validation
reports for the Phase II analytical data; and

Appendix G contains Phase II Chain-of-Custody records.

Site Information

The Seattle ANGS is at 6736 Ellis Avenue South in Seattle, Washington
(Figure 1-1). The Station occupies approximately 7.5 acres near the north
end of the King County International Airport (Boeing Field).

1-2
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Previous IRP investigations completed at the Seattle ANGS include the
following:

¢ A Preliminary Assessment (PA) completed in 1993 by the ANG;

¢ A Preliminary Assessment/Site Inspection (PA/SI) conducted in 1994
by Operational Technologies Corporation (OpTech); and

* A Phase I RI conducted in 1996 and 1997 by Environmental Resources
Management (ERM).

Background information regarding previous investigations is provided in
Section 2.0 of this report.

Installation Restoration Program Information

1.31

The Defense Environmental Restoration Program (DERP) was established
in 1984 to promote and coordinate efforts for the evaluation and cleanup
of contamination at Department of Defense (DOD) installations. On 23
January 1987, Presidential Executive Order 12580 was issued which
assigned the responsibility for carrying out DERP within the overall
framework of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) and the Superfund
Amendments and Reauthorization Act of 1986 (SARA) to the Secretary of
Defense. The IRP was established under DERP to identify, investigate,
and remediate contamination at DOD installations. The IRP focuses on
cleanup of contamination associated with past DOD activities to ensure
that threats to public health are eliminated and to restore natural
resources for future use.

The IRP is divided into several phases as illustrated on Figure 1-2. These
phases are defined and described in the following subsections.

Preliminary Assessment

The PA consists of personnel interviews and a record search designed to
identify and evaluate past disposal and/or spill sites that might pose a
potential or actual hazard to public health, public welfare, or the
environment. Previously undocumented information is obtained through
the interviews. The record search focuses on obtaining useful information

1-4
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from aerial photographs, installation plans, facility inventory documents,
lists of hazardous materials used, subcontractor reports, correspondence,
Material Safety Data Sheets, Federal and state agency reports, documents
from local government offices, and various standard reference sources.

Site Inspection

1.3.3

The purpose of the Site Inspection (SI) is to perform limited sampling and
other field activities to confirm the presence or absence of contamination
at potential areas of concern (AOCs) identified during the PA. This may
include, for example, geophysical surveys, field-screening, soil sampling,
and limited groundwater sampling for suspected contaminants. The SI
may be conducted in conjunction with the PA. Data collected during the
PA and SI may be sufficient to reach a decision point for a site, such as no
further IRP action is warranted, prompt removal of contaminants is
necessary, or further IRP work is required.

Site Investigation

Like the SI, the Site Investigation consists of field activities designed to
confirm the presence or absence of contamination at potential AOCs
identified during the PA. However, the Site Investigation typically
includes more extensive sampling and evaluation of groundwater than
the SI. An additional objective of the Site Investigation is to determine
potential risks to human health and the environment.

The activities undertaken during the Site Investigation generally fall into
three categories: screening, confirmation, and optional activities.
Screening activities are conducted to gather additional preliminary data
not obtained during the PA. Confirmation activities include specific
media sampling and laboratory analysis to confirm either the presence or
the absence of contamination, chemical concentrations, and the potential
for migration of contaminants. Information obtained during the
subsurface investigation is utilized to define AOCs from among the
potential AOCs identified during the PA. Site hydrology, geology, and
soil properties are also characterized during the Site Investigation.
Additional data may be needed to reach a decision point for a site.
Optional activities may be conducted to obtain the additional data
needed.

The general approach of the Site Investigation is to sequence the field
activities so that data are acquired and used as the field investigation
progresses. This is done to determine the presence or absence of
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contamination in a relatively short time period, optimize data collection
and data quality, and minimize costs.

Remedial Investigation

The objectives of the RI are to determine the nature and extent of
contamination at a site, determine the nature and extent of potential
threats to human health and the environment, and provide a basis for
determining the types of response actions to be considered (Decision
Document, Feasibility Study [FS], Remedial Design [RD], or Remedial
Action [RA]).

The RI consists of field activities designed to quantify contaminant
concentrations, the spatial extent of the contamination, and the potential
pathways of contaminant migration. Field activities may include the
installation of soil borings and/or monitoring wells and the collection and
analysis of water, soil, and/or sediment samples. Careful documentation
and quality control procedures are implemented during RI field activities
in accordance with CERCLA and SARA guidelines to ensure the validity
of the collected data.

Hydrogeologic studies are conducted to determine the underlying strata,
groundwater flow rates, and direction of potential contaminant migration.

A baseline risk assessment, which provides an evaluation of the potential
threat to human health, is conducted prior to implementing any RA. The
baseline risk assessment provides the basis for determining whether RA
may be necessary to mitigate endangerment to public health.

The findings from the RI will result in the selection of one of the following
options:

e No Further Action: The results of investigations do not indicate
harmful concentrations of chemicals that pose a significant threat to
human health or the environment. Therefore, no further IRP action is
warranted and a decision document will be prepared to close the site.

¢ Long-Term Monitoring (LTM): The results of investigations do not
indicate the presence of sufficient contamination to justify costly RA.
LTM may be recommended to detect the possibility of future
problems.

* FS: The results of investigations confirm the presence of
contamination that may pose a current or future threat to human

1-7
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health and/or the environment, and RA may be necessary.

Feasibility Study

1.3.6

Based on the results of the RI, the baseline risk assessment, and a review
of state and Federal regulatory requirements, an FS may be conducted to
develop, screen, and evaluate alternatives for remediation of groundwater
and/or soil contamination at the site. The overall objectives of the FS
include providing information necessary for remedial alternative
development and evaluating information to support selection of a remedy
that is protective of human health and the environment; considers
ARARs; satisfies the preference for treatment that significantly and
permanently reduces toxicity, mobility, or volume of hazardous
constituents as a principal element; and is cost-effective.

Activities associated with the FS include the following:

e Identification of applicable remediation technologies/RAs;

¢ Preliminary screening of technologies;

e Development and screening of remedial alternatives;

e Detailed analysis of alternatives;

e Comparative analysis of alternatives; and

o Completion of an FS report.

The end result of the FS is the selection of the most appropriate remedial

alternative with concurrence by state and/or Federal regulatory agencies.

Engineering Evaluation/Cost Analysis

At any time during the course of an IRP project, an Engineering
Evaluation/Cost Analysis (EE/CA) can be implemented to evaluate
remedial solutions for contamination. An EE/CA can be completed for all
non-time-critical removal actions that are not addressed by an FS. In
general, an EE/CA is similar to a Remedial Investigation/Feasibility
Study (RI/FS) but is less comprehensive because of the presumption of a
specific RA. An EE/CA is usually completed as a parallel effort to an
RI/FS. The overall objectives of the EE/CA include satisfying
environmental review and administrative requirements for removal
actions; providing a framework for evaluating and selecting alternative
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technologies; satisfying the preference for treatment that significantly and
permanently reduces toxicity, mobility, or volume of hazardous
constituents as a principal element; and maximizing cost-effectiveness.

The goals of the EE/CA are to:

e Develop an Approval Memorandum;

o Identify removal action objectives;

« Identify and analyze removal action alternatives;

¢ Compare removal action alternatives; and

* Recommend removal action alternatives in an Action Memorandum.

The end result of the EE/CA is the selection of the most appropriate
removal action with concurrence by state or Federal regulatory agencies.

Presumptive Remedy Engineering Evaluation/Cost Analysis

1.3.8

A Presumptive Remedy Engineering Evaluation/Cost Analysis
(PREE/CA) may be performed if the results of investigations indicate the
presence of sufficient contamination to justify RA prior to completion of
an FS, and the technology required for the RA is evident. A PREE/CA
may be recommended to evaluate the effectiveness and costs associated
with the presumptive RAs.

Remedial Design

1.39

The RD involves development and approval of the engineering designs
required to implement the selected remedial alternative identified in the
FS.

Remedial Action

The RA is the actual implementation of the remedial alternative. [t refers
to the accomplishment of measures to eliminate the hazard or reduce it to
an acceptable level. Examples of remedial measures that might be
selected include covering a landfill with an impermeable cap, pumping
and treating contaminated groundwater, installing a new water

distribution system, and in-situ bioremediation of contaminated soils. In
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some cases, after the RAs have been completed, an LTM program may be
implemented as a precautionary measure to detect contaminant migration
or to document the effectiveness of remediation.

Immediate Action Alternatives

At any point, it may be determined that contamination at a site poses an
immediate threat to public health or the environment, thus necessitating
prompt removal of the threat. Immediate action, such as limiting access to
the site, capping or removing contaminated soils, and/or providing an
alternative water supply may suffice as effective control measures. Sites
where immediate actions are implemented maintain their IRP status in
order to determine the need for additional RA or LTM. Removal actions
or other appropriate RAs may be implemented during any phase of an
IRP project.

1-10
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SECTION 2.0

INSTALLATION BACKGROUND

This section describes the Seattle ANGS and the associated IRP site, and
summarizes the waste disposal history of the facility, the results of
regulatory records reviews, and previous IRP investigations at the Station.
Information presented in this section was derived from the PA/SI Report
(OpTech 1995) and the Phase I RI Report (ERM 1998a).

Installation Description

211

The Seattle ANGS is the home of the 143rd Combat Communications
Squadron (CCSQ). The Station is at 6736 Ellis Avenue South in Seattle,
Washington, and occupies approximately 7.5 acres near the north end of
the King County International Airport (Boeing Field). The facility
employs 129 personnel, of which 25 are full-time employees. A map of the
site is shown on Figure 2-1.

Installation History

The Seattle ANGS was built during World War II by the War Department
and was used by the United States Army Air Corps as the "Aircraft
Factory School" during the war. In 1948 the property was given to King
County as surplus property and was subsequently leased to the
Washington ANG.

On 21 April 1948, the 143rd Aircraft Control and Warning Squadron was
established. From May 1951 to February 1953, the 143rd was activated for
recruitment purposes. During this period the unit had two C-47 aircratft.
In 1960 the name of the unit was formally changed to the 143rd
Communications Squadron Tributary Teams. In 1969 and 1988 the name
of the unit was again changed, becoming the 143rd Mobile
Communications Squadron and the 143rd CCSQ, respectively. The
current mission of the 143rd CCSQ is to provide mobile communication
equipment and support for airports and airfields.
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In 1948 the Station consisted of 17 acres of land, including an aircraft
parking ramp, leased from King County. At that time the property
contained 15 buildings, all of which were subsequently demolished. In
1951 a new property lease decreased the size of the Station from 17 acres
to 7.5 acres. Buildings were constructed for headquarters, a mess hall,
warehouses, and vehicle service requirements. In 1980 the National
Guard Bureau approved and Congress funded the replacement of all
buildings. The buildings were completed in 1984 with the exception of
Building 204 (Mobility Storage), which was completed in 1988, and the
new Mobility Storage Building, which was completed in 1998. The Seattle
ANGS currently consists of 7.5 acres and five buildings (Figure 2-1). The
Seattle ANGS property is leased from King County by the United States
Air Force, which in turn licenses the property to the Washington State
Military Department for ANG use.

Adjacent Land Use

213

Land use adjacent to the Seattle ANGS is shown on Figure 2-2. Adjacent
properties to the north, south, and east of the Station are zoned for general
industrial use, are currently used for industrial purposes, and have a
history of industrial use. The properties directly south and east of the
Station are owned by The Boeing Company (Boeing) or leased by Boeing
from King County. Immediately north of the Station are several trucking
companies and a Washington State Motor Pool auto maintenance facility.
The area west of the Station, across Ellis Avenue South, consists of
residential properties.

IRP Site 1 - Burial Site Description

As shown on Figure 2-1, IRP Site 1 (the IRP site) is located in the northeast
corner of the Seattle ANGS. The IRP site is approximately 175 feet long
and 175 feet wide. The north and east sides of the IRP site are bounded by
a 6-foot-high fence. With the exception of the grass-covered northeast
corner, the site is covered with asphalt and is used as a vehicle parking
area.
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Waste Disposal History

221

This section summarizes the results of the PA/SI regarding hazardous
materials and wastes generated, historical and current disposal practices,
and past environmental incidents and problems at the Seattle ANGS.

The information presented in the PA/SI Report is based on interviews
with past and present Station employees, a review of Station records and
other pertinent information, and a field survey.

Wastes Generated by Installation Operations

222

A variety of wastes were burned and/or buried at the IRP site from the
early 1950s through 1968. The wastes most likely disposed of at the IRP
site include radio tubes, solvents, waste motor oils, kerosene, batteries,
brake fluid, spray paints, paint thinners or removers, methy] ethyl ketone,
xylene, and naptha (OpTech 1995). These wastes were generated by the
Aerospace Ground Equipment (AGE)/Motor Vehicle Maintenance
Building, the former Power Production Building, and the
Communications/ Administration Building.

Disposal Practices at the Station

2.2.3

Historical disposal practices at the Seattle ANGS included land disposal
within the IRP site and off-site disposal. Currently, discarded hazardous
materials and hazardous wastes are collected and disposed of either by an
appropriately licensed contractor or through the Defense Reutilization
and Marketing Office at Fort Lewis, Washington.

Past Environmental Incidents and Problems

Small amounts of hazardous materials are reported to have been released
to the environment at the Station in the past (OpTech 1995). The PA/SI
Report identified the IRP site as the only potentially contaminated
disposal site at the Station.

KCSlip4 41272

SEA407802



23

FINAL

Regulatory Records Review

The PA/SI Report identified several sites in the vicinity of the Seattle
ANGS with potential or documented environmental contamination.
Environmental conditions at nearby properties were further evaluated
during preparation of the Phase I RI/FS Work Plan (ERM 1996) and
during review of the Phase II RI data. The results are summarized below.

An Environmental Data Resources, Inc.,, (EDR) summary report was
prepared on the Jocation and status of sites of potential environmental
concern within a 1-mile radius of the Seattle ANGS. The EDR database
search identified 19 sites within a 1-mile radius of the Station that appear
on the Washington Department of Ecology's (WDOE's) Confirmed and
Suspected Contaminated Sites (CSCS) Report. The EDR database search
also identified 14 leaking underground storage tank sites within 1/2 mile
of the Station. In addition, one sensitive receptor category, a daycare
center, was identified within 1/4 mile of the Station.

The second phase of the regulatory records review included a review of
WDOE's files for additional information regarding selected sites on the
CSCS Report. These sites include:

* North Boeing Field (12 sites), Ellis Avenue South & Marginal Way;
* King County Airport Maintenance, 6518 Ellis Avenue South;
* Washington State Motor Pool, 6650 Ellis Avenue South;

* Seattle City Light - Georgetown Steamplant, 1131 South Elizabeth
Street; and

¢ A & T Pump, 6525 Ellis Avenue South.

The locations of these sites relative to the Seattle ANGS are shown on
Figure 2-2. Details regarding previous investigations and documented
contamination at these sites are presented in the Phase I RI/FS Work Plan
(ERM 1996).

Since 1991, trichloroethene (TCE) has been consistently detected at
concentrations up to 1,000 micrograms per liter (ug/l) in shallow
groundwater beneath the Boeing site immediately south of the Seattle
ANGS (Boeing 1998). The groundwater data for this site (identified as
North Boeing Field Site 6 on Figure 2-2) define a dissolved TCE plume
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extending from near the north end of the site to properties off-site to the
south; the highest concentrations were detected near the middle of the
site. Groundwater elevation data indicate that the Boeing site is
hydraulically downgradient of the Seattle ANGS (ERM 1996; Section 5.1 of
this report). Nevertheless, given the relatively high concentrations and
the proximity of the Boeing TCE plume to the Seattle ANGS, potential
transport of TCE from the Boeing site onto the ANGS site (via diffusional
spreading at the plume’s upgradient edge, for example) cannot be
discounted.

This section summarizes previous investigations conducted as part of the

The ANG completed a PA for the Seattle ANGS in 1993. The PA focused
on historical and current hazardous materials and hazardous waste
generation, use, handling, and disposal practices at the Station. Based on
the results of the PA, the IRP site was identified as potentially
contaminated with hazardous materials/hazardous waste and was

2.4 Previous Investigations

IRP at the Seattle ANGS.
241 Preliminary Assessment

recommended for further IRP investigation.
24.2 Preliminary Assessment/Site Inspection

A PA/SI was conducted at the Station in 1994 by OpTech. This section
summarizes the scope of work and results of the PA/SI field activities.
The PA/SI scope of work is described in further detail in the Phase I RI
Report (ERM 1998a).

2.4.2.1 Scope of Work

The purpose of the PA/SI was to identify AOCs and to confirm the
presence or absence of soil and groundwater contamination associated
with past hazardous material and hazardous waste handling and disposal
practices at the Station. In addition to the identification of AOCs, the
scope of the PA/SI included defining the nature of known or suspected
releases at the AOCs; identifying potential receptors; confirming the
presence or absence of soil and groundwater contamination; describing
the geologic conditions of the study area; and defining hydrogeologic
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conditions such as groundwater flow direction. The PA/SI scope of work
did not include determination of the source or extent of contamination at
the IRP site or assessment of possible threats to human health and the
environment.

Field work for the PA/SI was performed in June and July 1994. Screening
activities at the IRP site included a ground penetrating radar (GPR)
survey, a magnetometer survey, and a shallow soil vapor survey.
Confirmation activities at the IRP site included collection of subsurface
soil samples from soil borings and monitoring well borings, and
installation and sampling of groundwater monitoring wells.

2.4.2.2 Geophysical Investigation Results

The GPR survey revealed an anomalous soil horizon or disturbed soil area
in the southwest portion of the IRP site, with an upper interface
approximately 4.5 to 6.0 feet below ground surface (bgs). The origin of
this anomalous soil material was interpreted as being associated either
with the filling-in of a former Duwamish River meander or with the
historical waste burial or burning activities at the IRP site. Magnetometer
data collected at the IRP site did not reveal any significant metal masses
buried within the area of disturbed soil (OpTech 1995).

2.4.2.3 Soil Vapor Survey Results

Soil vapor samples were collected within 5 feet of the ground surface from
21 locations at the IRP site. The samples were analyzed for total volatile
hydrocarbons (TVH). Local areas of slightly elevated TVH concentrations
were identified at the IRP site (Figure 2-3). The results of the soil vapor
survey were used to determine the final placement of soil borings.

2.4.2.4 Results of Soil and Groundwater Analyses

The PA/SI soil and groundwater sampling locations are shown on Figure
2-4. The analytical results for the soil and groundwater samples collected
during the PA/SI are summarized on Tables 2-1 and 2-2, respectively. For
comparison, project screening goals (PSGs) developed during the Phase I
RI are also shown on Tables 2-1 and 2-2. The PSGs were developed from
Washington State Model Toxics Control Act (MTCA) Method A Cleanup
Levels, MTCA Method B Formula Values, regional and site-specific
background concentrations, and/or Federal Maximum Contaminant
Levels (MCLs) for drinking water. PSGs are discussed further in Section
5.2
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TABLE 2-1

Summary of PA/SI Soil Chemical Quality Data
143rd CCSQ, Seattle ANGS, Seattle, Washington
Source: OpTech 1995

Volatile
Organic  {Semivolatile Organic Total Palychlorinated |  Radionuctides g
Compounds |Compounds (USEPA]  Petroleum Biphenyls {USEPA Method * “Trace Metals (mg/kg)
(USEPA Methed B270) Hydrocarbons|{ (USEPA Method]  9210) (pCi/g)
Location | Sample Depth | Method 5240) (1g/kg) (WIPH-D, G) 8080)
ft-bys ki (mg/k ng/ K Gross | Gross
(bee) R ) Dbnburyphalate | C78/<) b/ke) Alpha | Beta | b | As | Be Jcdl er | cu| pb [Hg| Ni{ se | ag | m | 2zn
Hackgroun
(B5-0047Z) 8.5-10.0 ND 2,240 ND NU 0£17 | 0132 | ND 2 12 1.6 10 40 34 |ND| 13 ND ND {0056} 25
BS-001BH 1.0-25 ND 1,750 ND ND 4+27 | 2435 | ND | 0.33 1 1.6 1 130 28 [ND{ 14 | 0053} 0.18 {0038 19
5.5-7.0 ND 1,680 ND ND 0+18 { 4+36 | ND | 16 082 11 1L 16 16 | ND| 58 ND | ND | 0.03] 86
8.5-10.0 ND 1,590 ND ND 0£20 | 024 ND | 0.033 029 |066]| 79 9.3 97 | ND| 56 ND ND ND 14
BS-002BH 1.0-25 ND 1,640 ND ND 2425 1 3+37 | ND| 27 0.87 131 10 px] 28 |ND] 93 ND ND | 0.024| 31
55-7.0 ND 900 ND ND 2125 | 036 | ND | 1.1 049 {092 14 23 15 | ND| 62 ND | ND {0054] 16
8.5-10.0 ND 1,960 ND ND 2125 | 0234 | ND | 0.63 034 0751 93 7.5 10 |ND| 72 ND ND | ND 20
BS-003B11 2.0-35 ND ND 780° ND 2420 | 2430 | ND | 4.1 1 13 11 20 27 IND{ B& ND | ND {0053} 19
55-70 ND 744 160* ND 0t21 0134 ND 20 1.1 1.5 15 3 62 | ND| 14 ND | 0.042 | 0093{ 4D
8.5-10.0 ND 1,750 ND ND 0+21 | 0+£34 { ND| 37 0.58 1 12 14 29 jND| 83 0.11 ND | ND 20
RI Projeci Screening Goal, - s 100/200 (1 9.96 16.1 20 La 2 | 100 { 2,960 250 1,600 | 400 1 24,000
ARAR 3 = 2 g e b 254 400 ()} 5.6 (a) Fiie
Natural Background (o) 73 0.61 077 48.15] 36.36 | 16.83 faai] 38.191 078 | 0.61 | NA [ 85.06

PA/S1= Preliminary Assessment/Site Inspection
RI = Remedial Investigation
USEPA = United States Environmental Protection Agency
ft-bgs = Feet below ground surface
ug/kg = Micrograms per kilogram
mg/kg = Milligrams per kilogram
pCi/ g = PicoCuries per gram
WTPH-D,G = Washington Total Petroleum Hydrocarbons - diesel, gasoline
ND = Not detected above laboratory method reporting limit
NA = Not available

ARAR = Applicable or relevant and appropriate requirement for constituents detected during the PA/SI that were not detected during the RL.

{1) Project screening goal (PSG) for TPH-G = 100 mg/kg; PSG for TPH-D = 200 mg/kg.
{a) = Mode| Toxics Control Act Method B Non-Cancer Formula Value.
{h) = Modei Toxics Control Act Method B Cancer Formula Value.
(c) = 90th percentile value for the Puget Sound Region (As, Be, Cd, Cr, Cu, Pb, Ni, and Zn} or Washington State (Se and Ag) (Washington State Depariment of Ecology, 1994b).
* = These values were based on analysis for lotat petroleum hydrocarbons by USEPA Method 418.1. The WTPH-D,G analyses yielded ND resulls.

Shaded cells indicate a detection above the associated Ri project screening goal or ARAR,
Constituent Abbreviations

Sb = Antimony
As = Arsenic
Be = Beryllium
Cd = Cadmium
Cr=Chromium

Cu = Copper
Hg = Mercury
Ni = Nicke!
Se = Selenium
Ag = Silver

Tt = Thailium
Pb = Lead
o= dinc
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TABLE 2-2

Summary of PA/SI Groundwater Chemical Quality Data
143vd CCSQ, Seattle AN GS, Seattle, Washington

PA/SI = Preliminary Assessment/Site Inspection
RI = Remedial Investigation

* = Total concentrations in unfiltered samples

USEPA = United States Environmental Protection Agency
rg/1 = Micrograms per liter
pCi/l = PicoCuries per liter
WTPH-D = Washington Total Petroleun Hydrocarbons - diesel
ND = Not detected above laboratory methad reporting limit

ARAR = Applicable or relevant and appropriate requirement for constitu

(a) = Federal Primary Maximum Contaminant Level (MCL)
(b) = Model Toxics Control Act Method A Table Value

Shaded cells indicate a detection above the associated RI project screening goal or ARAR.
Constituent Abbreviations

Sb = Antimony
As = Arsenic
Be = Beryllium
Cd = Cadmium
Cr = Chramium
Cu = Copper
Pb = Lead

Hg = Mercury
Ni = Nickel
Se = Selenium
Ag = Silver

Tl = Thallium
Zn = Zinc

ents detected during the PA/SI that were not detected during the RI,

Source: OpTech 1995
Volatile Organic :
Compounds Semivolatile Organic | Total Petroleum Polychlorinated Radionuclides .
(USEPA Method | Compounds (USEPA | Hydrocart Biphenyls (USEPA | (USEPA Method Trace Metals* (ug/1
Location 8240) Method $270) (WTPH-D) Method 8080) 9310) (pCi/1) R :
ug/) (ng/1) (wg/h) (ng/1 Gross | Gross p )
Alpha | Beta |SP| A% | Be | ca Gl Cuf Pb | Hg| Ni | Ag | se T Zn
Background (BS.004PZ) ND ND ND ND 3642 | 78:25 |ND| 38 13 06 | 120 290 33 | ND| 160 | ND ND 5.7 450
BS-005PZ ND ND ND ND 15139 77%24 |[ND| 28 540 ND 5.2 54 2. IND| 2 ND 2 ND ND
BS-006FZ ND ND ND ND $9£59 | 58230 (ND| 27 | 820 | ND 97 78 2% |ND{ 60 | ND 31 ND ND
RI Project Screening Goal i 113 5 1,000 M 5,000
ARAR}: Mg ] 4(a) | 5(a1)] 500 5 (b 2(a) i 2
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One semivolatile organic compound (SVOC), di-n-butylphthalate, was
detected in all but one of the soil samples collected during the PA/SI. The
presence of di-n-butylphthalate was attributed to possible laboratory
contamination of the samples. Total petroleum hydrocarbon (TPH)
contamination was detected at a concentration exceeding the associated
MTCA Method A Cleanup Level in one soil sample, collected from 2.0 to
3.5 feet bgs in boring B5-003BH. Beryllium concentrations detected in all
of the soil samples exceeded the MTCA Method B Cancer Formula Value.
In addition, gross alpha and gross beta radiation were detected in
approximately half of the soil samples collected. No regulatory standards
have been established for gross alpha or gross beta radiation in soil.

Constituents detected in groundwater at concentrations above MTCA
Method A Cleanup Levels, Federal MCLs, and/or site-specific
background concentrations include gross alpha radiation, gross beta
radiation, arsenic, beryllium, chromium, lead, nickel, and thallium. The
PA/SI groundwater samples submitted for metals analysis were
unfiltered.

2.4.2.5 Conclusions and Recommendations of the PA/SI Report

24.3

The PA/SI Report recommended further investigation at the IRP site to
determine the source and areal extent of TPH detected in soil and gross
alpha and gross beta radiation detected in soil and groundwater. The
PA/SI Report also noted that State or Federal regulatory standards were
exceeded for several trace metals in soil and/or groundwater, but
concentrations of those metals did not exceed site-specific background
concentrations, with the exception of beryllium in groundwater.

Phase I Remedial Investigation

This section summarizes the Phase I RI findings at the Seattle ANGS,
including information regarding background soil and groundwater
quality and site-characterization results for the IRP site. The scope and
results of the Phase I RI are described in detail in ERM (1998a).

2.4.3.1 Scope of Work

Field work for the Phase I R was performed between September 1996 and
July 1997. The Phase I RI included a focused investigation of the IRP site,
as well as a general sitewide investigation. The field work consisted of a
Geoprobe groundwater investigation; collection of surface soil and storm
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sewer catch basin samples; collection of subsurface soil samples from soil
borings; installation and quarterly sampling of groundwater monitoring
wells; and aquifer slug testing.

2.4.3.2 Geoprobe Grounduwater Investigation Results

Constituents detected in the Geoprobe groundwater samples are
summarized on Table 2-3 and presented on Figure 2-5. Benzene and TCE
were each detected in two separate groundwater samples collected in the
southern portion of the Station, at concentrations that exceed the MTCA
Method A Cleanup Level for these compounds (5 ug/l). No other
constituents were detected in the Geoprobe groundwater samples at
concentrations above PSGs.

2.4.3.3 Surface Soil Sampling Results

Constituents detected in surface soil samples are summarized on
Table 2-4 and presented on Figure 2-6. Gross alpha radiation
concentrations detected in three samples exceeded the site-specific mean
background concentration of 9.96 picoCuries per gram (pCi/ g).

The gross beta radiation concentration detected in one sample exceeded
the site-specific mean background concentration of 16.1 pCi/g. No
regulatory standards have been established for gross alpha or gross beta
radiation in soil.

2.4.3.4 Storm Sewer Catch Basin Sampling Results

Constituents detected in storm sewer catch basin samples are summarized
on Table 2-5 and presented on Figure 2-7. The catch basin samples
consisted of a mixture of sediment and water, and were analyzed as a
liquid matrix due to the consistency of the samples. Acetone, p-
isopropyltoluene, toluene, radionuclides, and trace metals were detected
in the catch basin samples.

The Seattle ANGS does not have or require a storm water permit, and
there are no specific regulatory criteria governing the quality of water or
sediment present in the Station’s storm sewer system. Consequently, no
PSGs were developed for constituents detected in catch basin samples.
However, based on the catch basin sample analytical results, the storm
sewer system does not appear to be a significant pathway for off-site
transport of contaminants. Additionally, no potential sources of the
constituents detected in the catch basin samples have been identified at
the Station.
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TABLE 2-3

Constituents Detected in Phase I RI Geoprobe Groundwater Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

Total Cis-1,2- 1,24 1,1,1-

Location Date Benzene | Toluene | Ethylbenzene Xylenes | Dichloroethene | Dichloroethane | Trichloroethane Trichloroethene

GP-2 10/8/96 ND ND ND ND 2 ND ND 3.7

GP-3 10/8/96 7.6 ND ND ND ND 24 ND ND

GP-4 10/8/96 ND ND ND ND 2 ND ND 17

GP-5 10/8/96 2.7 1.6 9.9 ND 3.9 ND ND 4.1
GP-15 10/9/96 ND ND ND ND 5 ND ND ND
GP-22 10/9/96 | ND ND ND 7 ND ND 2 ND
Project Screening Goal 5 40 30 20 70 5 200 5

All concentrations in micrograms per liter (ng/1).

ND = Not detected above laboratory method reporting limit

Shaded cells indicate a detection above the associated project screening goal
Note: Only the results for samples with target analyte detections are shown; samples that were "ND"

for all target analytes are not shown.
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TABLE 2-4

Constituents Detected in Phase I RI Surface Soil Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

Total Petroleum : i sy
Location Date Depth Hydrocarbons {mg/ ke) Radionuclides (pCi/ g)

(ft-bgs) | Gasoline | Diesel | Heavy Qil| Gross Alpha (+/-)] GrossBeta  (+/-)| Radium-226 (+/-)| Radium-228 (+/-)

S5-01 10/17/96 0.5 ND ND ND 7.4 48 16.6 4.3 0.48 0.20 0.82 048
55-02 10/17/96 0.5 ND ND ND 6.1 4.6 13.2 4.0 0.57 0.23 0.57 0.42
S5-03 10/17/96 0.5 23 63 ND 105 53 14.7 4.2 0.44 0.20 0.23 0.39
55-04 10/17/96 0.5 ND ND ND 10.3 55 13 41 0.54 0.19 0.59 041
S5S-05 10/17/96 0.5 ND ND ND 73 5.0 146 4.2 053 0.22 0.64 041
55-06 10/17/96 0.5 ND ND ND 4 4.2 9 3.9 0.23 0.17 0.48 0.48
SS-06 (dup) 10/17/96 0.5 ND ND ND 3.4 4.2 8.5 3.8 0.29 0.17 0.7 043
55-07 10/17/96 0.5 ND 70 ND 3 4.7 13.1 4.1 044 0.20 054 0.44
S5-08 10/17/96 0.5 ND ND 102 7.5 4.9 8.9 3.7 0.39 0.19 0.83 0.45
SS5-09 10/17/96 05 ND 66 110 119 59 129 3.9 0.65 0.17 0.71 0.78
55-10 10/17/96 0.5 35 ND ND 6.5 46 14.3 4.0 0.65 0.23 042 0.57

Project Screening Goal 100 200 200 9.96 16.1 0.77 0.93

ft-bgs = Feet below ground surface
dup = Duplicate sample
mg/kg = Milligrams per kilogram

pCi/ g = PicoCuries per gram
+/- = Margin of error (pCi/g)

ND = Not detected above laboratory method reporting limit
Shaded cells indicate a detection above the associated project screening goal
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TABLE 2-5

Constituents Detected in Phase 1 RI Storm Sewer Catch Basin Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

VOCs (ug/1) Radionuclides (pCi/1) Trace Metals (ug/1)
Gross Gross Radium- Radium-
Location Date | Acetone] p-IPT [ Toluene| Alpha (+/ 9| Beta (4/-) 226 (+/)] 228 (4 -)| Antimony | Arsenic | Cadmium | Chromium Copper| Nickel | - Zinc
SW-1 7/11/97 18 25 19 18 146 | 1741 29| 012 |o16| 1.m 0.48 310 14 44 87 410 62 1,100
SW-2 7/11/97 | ND ND ND 291 176 | 239 | 46| 006 [0.14] 052 0.60 350 ND 21 29 160 20 340

VOCs = Volatile organic compounds
p-IPT = p-isopropyltoluene
ug/1=Micrograms per liter
pCi/1 = PicoCuries per liter

ND = Not detected above laboratory method reporting limit

+/- = Margin of error (pCi/1)
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2.4.3.5 Subsurface Soil Sampling Results

Constituents detected in subsurface soil samples are summarized on
Tables 2-6 and 2-7. Maximum concentrations of constituents detected in
subsurface soil samples are presented on Figures 2-8 and 2-9. The
detected concentrations of gross alpha, gross beta, radium-226, and
radium-228 in selected subsurface soil samples exceed the site-specific
mean background concentrations of these constituents. No other
constituents were detected in subsurface soil samples at concentrations
above PSGs.

2.4.3.6 Quarterly Groundwater Sampling Results

Constituents detected in groundwater samples collected from monitoring
wells during the Phase I RI are summarized on Tables 2-8 through 2-11.
Maximum concentrations of constituents detected in these groundwater
samples are presented on Figures 2-10 and 2-11.

Two groundwater samples collected from a background well (well
BS-004PZ) contained concentrations of tetrachloroethene (PCE) that
exceed the MTCA Method A Cleanup Level of 5 ug/1. Selected samples
collected from all the monitoring wells contained concentrations of gross
beta radiation that exceed the site-specific mean background
concentration. Dissolved arsenic was detected in one groundwater
sample at a concentration that exceeds the MTCA Method A Cleanup
Level of 5 ng/lL

2.4.3.7 Conclusions and Recommendations of the Phase I RI Report

Constituents detected above PSGs in soil at the Seattle ANGS during the
Phase I RI include gross alpha, gross beta, radium-226, and radium-228
radionuclides. Constituents detected above PSGs in groundwater include
benzene, TCE, PCE, gross beta, and dissolved arsenic. The Phase [ RI
Report (ERM 1998a) concluded that the radionuclides detected in soil and
groundwater reflect naturally occurring background concentrations. The
single reported detection of arsenic in one groundwater sample was
considered an anomaly, because arsenic was not detected in any of four
prior or subsequent groundwater samples collected from the subject
monitoring well, and there are no known sources of arsenic at the Station.
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TABLE 2-6

Constituents Detected in Phase I RI Background Subsurface Soil Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

Trace Metals {mg/kg) -

Sample Radionuclides (pCi/g)
Location |  Date Depth
(f-bgs) | Gross Gross Radium- Radium- s il
Alpha (+/9)f Beta (+/9] 26 (+/)] 28  (+/-)| Arsenic| Chroisiinin | Copper| Lead | Nickell Selenifum]  Zinc
3.0 um_{55] 6 J43] 020 Jo1r] 046 [o068] 67 14 19 1151 10 ND 27
sB1 | 10/15/9 | 7.0 8 [50] 151 ] 41 ) 069 Jo21] 134 [068] 22 8 6 [Nl 7 0.6 15
9.0 76 [ 53] 166 | 42 ] o074 [o022] 069 [043] 18 10 7 | D] 6 ND 16
5.0 63 |49 127 140 07 | 022] 00 [038] 7 14 20 | 33| 12 22 15
SB-2 | 10/15/96{ 7.0 75 |49 145 [ 42| 088 [024| 077 [043]| 26 13 17 |14 ] o 15 26
5.0 92 |51 161 | 45| 031 | 016 | 08 [018] 25 15 10 ) 11| 7 14 21
3.0 128 [ 59] 157 [42] 07 (024 087 |o042] 87 17 15 [ 20 14 28 30
SB-3 [ 10/15/9 [ 7.0 81 [53[ 160 | 41| 066 | 023 038 [040| 08 10 8 5 6 ND 14
5.0 68 | 50| 153 | 41| 071 03| 07 |048] 27 8 7 |ND| 7 ND 19
95% UCL Mean Concentration 9.96 161 0.77 093 5.59 142 158 [182] 105 | 1.66 301
Project Screening Goal 996 16.1 077 093 20 160 2,960 | 250 | 1,600 | 400 | 24,000

Rl = Remedial Investigation

mg/ kg = Milligrams per kilogram

pCi/g = PicoCuries per gram
ND = Not detected above laboratory method reporting limit

ft-bgs = Feet below ground surface

+/- = Margin of error (pCi/g)
UCL = Upper confidence limit
Shaded cells indicate a detection above the associated project screening goal.

Note:

The 95% UCL mean concentration calculation included all Rl background samples. For samples that were "ND" for a given constituent,
a value equal to one-half of the associated method reporting limit was used in the 95% UCL mean concentration calculation (per
WAC 173-340-708).
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TABLE 2.7
Constituents Detected in Phase I RI Site-Characterization Subsurface Soil Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

VO(:; SVO]S;) Radionuclides (pCi/g) : ‘ Trace Metals (mg/kg)
Date Depth ] Gross Groes Radium- Radium-

Location (f-bgs)] TCE | B2-EH)P | Alpha (+/-)] Beta (+/)| 226  (+/9] 228  (+/-)] Arsenic | Cadimi Chromium| Copper Lead Nickel | Selend Zine
S$B-04 10/15/96 3 NA ND 15 6.1 14.7 4.0 07 0.24 0.61 0.39 11 0.8 16 35 110 16 15 100
5$B-04 10/15/96 9 NA ND 6.7 47 ] 166 | 42 0.62 022 013 0.58 4.8 ND 17 23 19 10 14 39
SB-05 10/15/96 3 NA ND 16.2 6.4 15.6 42 0.92 0.25 0.35 Q.57 8.2 ND 14 26 45 12 14 47
5B-05 10/15/96 9 NA ND 124 6.0 16.9 42 0.33 017 0.62 052 54 ND 19 25 18 24 15 40
SB-06 10/15/96 3 NA ND 125 5.8 13.4 4.1 0.61 0.22 121 0.73 31 ND 16 16 10 4 08 10

SB-06 {dup) | 10/15/% 3 NA ND 13.1 6.0 15.5 4.2 0.48 0.20 0.76 0.57 NA NA NA NA NA NA NA NA
SB-06 10/15/96 9 NA ND 6.7 54 18 4.4 0.45 019 044 0.62 ND ND 9 5 8 4 ND 14
SB-06 (dup) | 10/15/9 9 NA NA NA NA{ NA | NA NA NA NA NA 27 ND 15 9 11 7 ND 19
SB-07 10/15/96 3 NA ND 16,1 64 | 171 43 1.37 032] 085 0.64 13 ND 12 10 19 7 ND 16
SB-07 10/15/96 9 NA NA NA NA NA NA NA NA NA NA ND ND 13 6 8 4 ND 15
SB-08 10/16/96 3 NA ND S 44 1.7 | 3.9 0.55 020] 057 047 11 ND 14 31 64 13 ND 89
SB-08 10/16/96 9 NA ND 8.7 59| 142 | 42 0.66 021 0.68 0.44 4.5 ND 16 26 17 12 ND 38
LJB—O‘) 10/16/96 3 NA ND 8.2 52 14 4.2 0.86 024] 053 0.42 12 ND 13 21 76 10 ND 42
SB-09 (dup) | 10/16/96 3 NA ND 108 55{ 157 | 4.2 0.63 023| 056 0.47 20 ND 16 28 250 14 ND 210
5B-09 10/16/96 9 NA 3,900 8.4 5.1 229 | 47 0.64 0.21 0.93 0.47 5.3 ND 16 18 13 16 ND 49
S$B-10 10/16/96 3 NA ND 6.4 49 142 | 41 0.76 026 1.01 0.45 4.3 ND 10 11 11 7 ND 19
5B-10 10/16/96 9 NA ND 58 4.5 134 39 0.8% 0.26 1.29 0.52 4.6 ND 11 15 18 7 ND 22
S$B-11 10/16/96 3 NA ND 49 451 147 | 41 0.58 0.21 0.54 0.48 4 ND 11 18 15 7 ND 28
SB-11 10/16/96 9 NA ND 8.7 581 157 | 43 0.47 021 129 | 051 6.9 ND 18 22 20 20 ND 13
MW.3 10/17/9% 5 ND NA NA NA| NA | NA NA NA NA NA NA NA NA NA NA NA NA NA
MW-3 10/17/96 9 170 NA NA NA| NA | NA NA NA NA NA NA NA NA NA NA NA NA NA
Project Screening Goal 500 71,400 9.96 16.1 0.77 093 20 2 100 2,960 250 1,600 400 24,000
VOCs = Volatile organic compounds ft-bgs = Feet below ground surface
SVOCs = Semivolatile organic compounds ND = Not detected above laboratory method reporting limit
TCE = Trichloroethene NA = Not analyzed
B(2-EH)P = Bis(Z-ethythexyl)phthalate +/-= Margin of error (pCi/g)
mg/kg = Milligrams per kilogram dup = Duplicate sample

pCi/g = PicoCuries per gram
g/ kg = Micrograms per kilogram
Shaded cells indicate a detection above the associated project screening goal
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TABLE 2-8
Constituents Detected in Phase I RI Background Groundwater Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

9c-¢

Location Date Volatile Organic Compounds (1g/1) Radionﬁc;ides @Ci/y . Trace Metals* {jig/1)
11,1- T Gross Gross . [Radiums - -] Radium- : v
1L1-DCA | PCE | TCA | Toluere | Alpha (/] Beta (+/)| 26 (+/) 228  (+/-)] Copper| Nickel Zinc
9/17/96 0.3 38 37 (ND) 22 17 13.2 2.1 0.2 0.18 0.08 051 ND ND ND
9/17/96 (dup) 0.3 38 38 (ND) 02 11 11.7 2 019 [015 -0.6 045| ND ND ND
BS-004FPZ 1/14/97 ND 51 24 ND 21 1.5 99 18 0.02 ]0.12 0.25 04 ND ND 61
4/11/97 ND 17 33 ND 13 13 6.8 1.7 0.04 0.12 0.29 0.38 5 ND (ND)
7/10/97 ND D) | 18 ND 09 |12) 86 |18 005 |013| oz Josa1| e ND (ND)
10/18/96 ND ND ND ND 05 1 8.1 18 027 |]0.18 0.08 0.44 ND ND ND
12/17/96 ND ND ND ND 39 19 127 | 21 018 {0.18 0.2 037 ND 8 (ND)
MW-1 1/14/97 ND ND ND 1.1 -0.09 0.84 104 1.9 0.35 0.24 0.31 0.44 ND 8 61
4/11/97 ND ND ND ND 0 1.1 1.03 1.9 022 1015 0.02 037| ND 13 (ND)
7/11/97 ND ND ND ND -0.3 1 9 1.8 0.19 0.16 0.2 0.6 19 7 (ND)
95% UCL Mean Concentration 0.513 7.33 263 1.04 2.09 113 0.236 0.258 8.06 9.66 51
Project Screening Goal 800 200 40 15 113 3 2 1,000 100 5,000

RI = Remedial Investigation

* = Dissolved concentrations in filtered samples
ND = Not detected above laboratory method reporting limit

(ND) = A positive detection was reported by the laboratory for this constituent in the sample indicated. The sample result was qualified as not detected based on

a detection of the constituent in an associated quality control blank (United States Environmental Protection A

Program "10x" and "5x" rules).

gency Contract Laboratory

¢62Ly PdIISOM

€28.0¥V3iS

pCi/!l = PicoCuries per liter
ng/1= Micrograms per liter
+/-=Margin of error (pCi/1)
dup = Duplicate sample

Constituent Abbreviations
1,1-DCA =1,1-Dichloroethane
PCE = Tetrachloroethene
1,1,1-TCA = 1,1,1-Trichloroethane

UCL = Upper confidence limit
Shaded cells indicate a detection above the associated project screening goal.
Note:

’

The 95% UCL mean concentration calculation included all R background samples. For samples that were "ND" for a given constituent
a value equal to one-half of the associated method reporting limit was used in the calculation (per WAC 173-340-708).
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TABLE 2-9

Organic Constituents Detected in Phase I RI Site-Characterization Groundwater Samples

143rd CCSQ, Seattle ANGS, Seattle, Washington

Cis-1,2- 13,5
Location Date Acetone | Dichloroethene | Trimethylbenzene | Tetrachloroethene| Trichloroethene
BS-005PZ 9/17/96 ND ND 0.2 ND ND
BS-005PZ 7/11/97 ND ND ND 47 ND
BS-006PZ 9/17/96 ND ND 0.2 ND ND
MW-03 10/18/96 18 ND ND ND ND
MW-03 10/18/96 (dup) 20 ND ND ND ND
MW-04 10/18/9 11 ND ND ND 3.9
MW-04 12/17/96 ND ND ND ND 2.7
MW-04 1/14/97 ND ND ND ND 34
MW-04 4/11/97 ND ND ND ND 3.2
MW-04 7/11/97 ND ND ND ND 2.8
MW-05 10/18/96 ND 5.6 ND ND ND
MW-05 12/17/96 ND 49 ND ND ND
MW-05 1/14/97 ND 27 ND ND ND
MW-05 4/11/97 ND 14 ND ND ND
MW-05 4/11/97 (dup) ND 1.6 ND ND ND
MW-05 7/10/97 ND 35 ND (ND) 21
MW-05 7/10/97 (dup) ND 28 ND ND ND
Project Screening Goal 800 70 0.507 5 5

All concentrations in micrograms per liter (ug/1)
ND = Not detected above laboratory method reporting limit.
{ND) = A positive detection was reported by the laboratory for this constituent in the sample indicated. The sample result
was qualified as not detected based on a detection of the constituent in an associated quality control blank (United
States Environmental Protection Agency Contract Laboratory Program "10x" and "5x" rules).

dup = Duplicate sample

Note: Only the results for samples with target analyte detections are shown; samples that were "ND" for all target analytes are

not shown.
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TABLE 2-10

Radionuclides Detected in Phase I RI Site-Characterization Groundwater Samples
143rd CC5Q, Seattle ANGS, Seattle, Washington

Location Date Gross Alpha (+/-)| Gross Beta (+/-)] Radiumn-226 {+/-){ Radium-228 (+/-)
9/17/96 0 1.7 20 3.0 0.07 0.15 0.23 0.49
BS-005PZ 1/15/97 27 22 19.3 27 0.11 C.16 0.01 0.42
4/10/97 -0.14 1.0 14.2 22 0.11 0.12 0.43 0.4
7/10/97 0.6 1.6 |« 13.8 24 0.15 0.20 NA NA
9/17/96 0.1 1.6 10.3 25 0.04 0.13 0.29 0.45
BS-006PZ 1/14/97 -0.1 13 11.5 20 014 0.18 0.14 0.36
4710797 0.1 17 105 | 21 0.131 097 007 045
7/10/97 04 1.5 10.3 2.3 0.14 0.14 0.19 0.44
10/18/96 04 13 8.8 21 0.04 0.15 02 043
12/17/9 37 20| - 128 | 21 011 0.16 0.1 041
MW-02 1/15/97 0.5 13 115 20 0.04 0.11 0.07 0.35
1/15/97 (dup) 0.4 12| 115 20 0.08 013 014 0.42
4/10/97 0.8 13 10.8 1.9 0.04 0.14 0.11 0.42
7/10/97 -0.1 1.3 11.1 2.5 0.11 0.13 0.6 0.42
10/18/96 -02 14 83 1.8 0.09 0.17 1.43 047
10/18/96 (dup) 7.8 27 8.9 1.8 0.15 0.15 1.88 0.47
12/17/% 4 238 8.9 26 012 017 0.36 042
MW-03 12/17/96 (dup) 18 19 ) 21| 0023 |010|] -015 0.40
1/15/97 -0.2 1.0 8.2 1.8 0.21 0.17 0.12 0.51
4/10/97 14 1.6 148 22 013 0.13 0.26 0.44
7/10/97 0.3 17 17.3 29 0.16 0.15 0.78 0.61
10/18/%6 10.8 3.9 17.2 3.0 0.2 0.17 0.65 0.40
12/17/96 4.8 28 19.1 31 0.05 0.13 0.09 0.44
MW-04 1/14/97 0.3 1.5 16.4 25 01 0.19 -0.19 0.44
4/10/97 0.2 1.2 12.9 2.1 0.11 0.13 0.26 0.37
7/10/97 -0.67 0.7 11.1 2.1 0.101 0.10 0.15 0.44
10/18/9 0.1 211 123 | 29 05 026] 152 0.44
12/17/96 5.2 34 133 32 0.13 0.13 0.35 0.37
MW-05 1/14/97 1.9 2.8 10.6 3.0 0.21 0.19 0.03 0.43
4/10/97 1.3 1.7 8.9 2.0 0.16 0.14 -0.4 0.39
4/10/97 (dup) 03 21 7.1 23 0.16 0.15 0.01 0.35
7/10/97 -0.4 1.4 9.9 24 0.09 0.11 0.53 0.47
Project Screening Goal 15 11.3 3 2

All concentrations in picoCuries per liter (pCi/1)
dup = Duplicate sample

NA = Not analyzed

+/- = Margin of error (pCi/1)
Shaded cells indicate a detection above the associated project screening goal
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TABLE 2-11

Trace Metals Detected in Phase I RI Site-Characterization Groundwater Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

Location Date Arsenic Copper Nickel Zinc
9/17/% ND ND 60 10

BS-005PZ 1/15/97 ND ND 15 (ND)

4/11/97 ND ND 9 (ND)

7/11/97 ND ND 7 (ND)

9/17/96 ND ND 40 ND

BS-006PZ 1/14/97 ND ND 6 (ND)

4/11/97 ND ND 10 (ND)

7/11/97 ND 8 5 (ND)

12/17/% ND 6 15 (ND)

MW-02 1/15/97 ND 10 20 (ND)
1/15/97 (dup) ND 11 21 50

4/10/97 ND 20 16 (ND)

7/11/97 ND ND 17 (ND)
1/15/97 ND ND ND 46

MW-03 4/11/97 ND ND 8 (ND)

7/11/97 ND 13 ND (ND)

12/17/96 ND ND 7 (ND)
MW-04 1/14/97 ND ND 7 270

4/11/97 ND ND 9 (ND)

12/17/96 6 ND 9 (ND)

1/14/97 ND ND 10 (ND)

MW-05 4/11/97 ND ND 8 (ND)

4/11/97 (dup) ND ND 7 (ND)

7/10/97 ND ND 8 (ND)
7/10/97 (dup) ND ND 8 (ND)
Project Screening Goal 5 1,000 100 5,000

All concentrations in micrograms per liter (ug/1)

Values shown represent dissolved concentrations in filtered samples.

dup = Duplicate sample

ND = Not detected above laboratory method reporting limit

(ND) = A positive detection was reported by the laboratory for this constituent in the sample
indicated. The sample result was qualified as not detected based on a detection of the
constituent in an associated quality control blank (United States Environmental
Protection Agency Contract Laboratory Program "10x" and "5x" rules).

Shaded cells indicate a detection above the associated project screening goal
Note: Only the results for samples with target analyte detections are shown; samples that were
“ND" for all target analytes are not shown.
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The Phase I RI Report recommended further investigation of the southern
and northwest portions of the Station to determine the source and extent
of dissolved volatile organic compounds (VOCs) in groundwater. The
Phase 1 RI Report also recommended using the data collected during the
additional investigations to refine, as necessary, the preliminary estimates
of human health risks obtained from the Phase I baseline risk assessment.
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SECTION 3.0

ENVIRONMENTAL SETTING

This section describes the environmental setting at the Seattle ANGS to
establish a reference for the work performed during the RI.

Climate

3.2

The climate in the Seattle area is characterized by mild summers and cool
winters, with long spring and fall seasons. In winter, the average daily
temperature ranges from 37 to 47 degrees Fahrenheit (°F), while in
summer the average daily temperature ranges from 55 to 72 °F. The
average annual precipitation is 38.84 inches, including 7.4 inches of snow.
The greatest percentage of rainfall occurs in the winter months from
November to January. The average monthly precipitation ranges from
0.89 inches in July to 6.29 inches in December. The heaviest 24-hour
rainfall of 3.74 inches was recorded on 5-6 October 1981. Rainfall
intensity, based on a 2-year, 24-hour duration, is 2.0 inches. Free-water
surface evaporation in the Seattle area is approximately 25 inches per
year, resulting in a net precipitation of 13.84 inches per year. The
prevailing wind is from the southwest, and the highest average wind
speed of 9.8 miles per hour occurs during March (OpTech 1995).

Topography

The Seattle ANGS is in King County in the Puget Sound Lowlands
physiographic province. The Puget Sound Lowlands is a north-south
trending structural and topographic depression bordered on the west by
the Olympic Mountains and on the east by the Cascade Range. The
Lowlands extend north from the Oregon-Washington state line to the
Canadian border.

The terrain at the Station is flat and level, with a surface elevation of
approximately 14 feet above mean sea level.

3-1
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Geology

A geologic map of the Seattle, Washington area and a generalized
stratigraphic column for the Puget Sound area are presented on Figures
3-1 and 3-2, respectively.

The Seattle ANGS is situated in the central portion of the Puget Sound
Lowlands, a broad glacial drift plain that is dissected by a network of
deep marine embayments. The site is located within the north-south
trending Duwamish Valley on the Duwamish Waterway flood plain, a
former marine embayment that has been filled with sediment since the
end of the last glaciation, referred to locally as the Vashon glaciation. The
Duwamish Valley is bounded on the east and west by uplands of glacial
drift and bedrock.

Glacial sediment deposits known collectively as the Vashon Drift
represent the last major advance and retreat of glacial ice in the Puget
Sound area, and commonly overlie a sequence of older glacial and
nonglacial sediments throughout the site vicinity. Near the site, at least 75
feet of recent alluvium deposited by the Duwamish River overlies the
Vashon Drift deposits.

Alluvial deposits in the Duwamish Valley primarily range from silt
through silty sand to fine to medium sand. The alluvial deposits exhibit
gradation common to meandering rivers, which typically produce
intermittent layering of silts and sands with occasional layers of peat and
other organic material deposited in marsh areas.

In the 1910s, much of the Duwamish Valley was raised with fill to
accommodate development. The meandering Duwamish River was
channelized in its present position during this time. Prior to extensive
filling and regrading in the vicinity of the Seattle ANGS between 1917 and
1919, a meander of the Duwamish River flowed along the eastern site
boundary. Fill materials in the former channel bed in the vicinity of the
Station consist of up to 6 feet of silty sand to fine sand and up to 10 feet of
coal ash, clinkers, and brick fragments. Soils below the coal combustion
residue consist of fine sand with trace gravel to a depth of at least 35 feet
bgs (OpTech 1995).

The subsurface data collected during the PA/SI and RI drilling activities
indicate that the near-surface geology at the Seattle ANGS is
predominantly composed of two units. The first unit is a silty sand fill
material present to a depth of approximately 8 feet bgs. The fill material is
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consistent with the descriptions of the material used to raise the
Duwamish Valley for development in the 1910s. The second unit consists
primarily of well-sorted, fine-grained sand present from approximately
8 feet bgs to the maximum depth explored at the Station during the PA/SI
and RI (21.5 feet bgs). Figures 3-3, 34, and 3-5 show geologic cross-
sections through the Station generated from PA/SI and Phase [ RI data.

Soils

The United States Department of Agriculture classified the soil underlying
the Seattle ANGS as unclassified urban land. Urban land is soil that has
been modified by the disturbance of the natural layers with additions of
fill material several feet thick to accommodate large industrial and
housing installations. In the Duwamish Valley, the fill ranges from about
3 feet to more than 12 feet thick, and from gravelly sandy loam to gravelly
loam in texture. The erosion hazard is slight to moderate (OpTech 1995).

Two soil borings were drilled at the Seattle ANGS and five Dutch cone
penetrometer samples were analyzed by Hart Crowser and Associates,
Inc., during soil studies conducted at the Station in 1974 and 1982. Sandy
silt to silty sand was the most common sediment within the uppermost
10 feet of unconsolidated sediments. Sand, with occasional thin silty
layers, was the predominant lithology encountered from a depth of 10 to
50 feet bgs (OpTech 1995),

Surface Water Hydrology

The Seattle ANGS is located approximately 1/2 mile from the main
channel of the Duwamish Waterway, a major surface water drainage for
western Washington. Between 1917 and 1919, the meanders of the
Duwamish River within Seattle City limits were filled in and the
Duwamish Waterway was formed. A portion of a meander near North
Boeing Field was not filled in, and this became the present-day Slip No. 4
(see Figure 1-1).

The Federal Emergency Management Agency reported that the
Duwamish drainage basin comprises 450 square miles. The drainage
basin includes the Duwamish and Green Rivers. Approximately 3.5 miles
northwest of the Station, the Duwamish Waterway discharges into Elliot
Bay on the Puget Sound.

3-5
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The Duwamish Waterway is the only fresh water body downgradient of
the Station. According to the Seattle Water Department, the Duwamish
Waterway is not used for drinking water (OpTech 1995). Surface water
runoff at the Seattle ANGS flows into a series of catch basins that are tied
into the municipal storm sewer. Figure 3-6 illustrates the storm drain

system at the Station.

This section describes the regional and local hydrogeology in the vicinity
of the Seattle ANGS and summarizes the hydrogeolegic conditions

3.6 Hydrogeology
encountered at the Station during the RI.
3.6.1 Regional Hydrogeology

Groundwater in the Duwamish Valley occurs in two lithostratigraphic
units. Shallow groundwater is present within a river alluvium unit. This
unit underlies the Seattle ANGS and is described in the following section.
Deeper groundwater reportedly exists beneath the river alluvium unit in
unconsolidated glacial deposits (Luzier 1969). Characteristics of this
deeper aquifer are unknown; groundwater probably flows toward the
Duwamish River and thus to Elliot Bay within the deeper aquifer (OpTech
1995).

The Seattle Water Department has no municipal wells within 4 miles of
the Station, and records obtained from the WDOE indicate that there are
no private drinking water wells within a 1-mile radius of the Station. The
surrounding population obtains drinking water from a municipal water
source (OpTech 1995).

The EDR environmental database report prepared as part of the Phase 1
RI/FS Work Plan presents data regarding water supply wells in the
USEPA's database and wells included in the United States Geological
Survey's database. The wells identified in the EDR report are greater than
1 mile from the Seattle ANGS (ERM 1996).

The PA/SI Report identified wells within a 4-mile radius of the Seattle
ANGS. The wells were identified based on a review of State records.
Construction defails, use, and ownership information for the wells
identified during the PA/SI are summarized in OpTech (1995).
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Local Hydrogeology

3.6.3

Unconfined groundwater generally occurs at depths of 4 to 11 feet bgs in
the vicinity of the Seattle ANGS, within the upper part of the recent river
alluvium.  Previous investigations in the area have found that
groundwater elevations are influenced by seasonal precipitation, and, if
close enough to the Duwamish Waterway, by tidal fluctuations.
Groundwater flow in the vicinity of the Station is generally toward the
west, southwest, and south, toward the Duwamish Waterway, at a
gradient of approximately 0.002 feet per foot (OpTech 1995).

Site Hydrogeologic Conditions

3.7

Hydrogeologic data collected during the Phase I RI indicate that
unconfined groundwater exists at depths of 6 to 10 feet bgs at the Seattle
ANGS. The inferred groundwater flow direction is toward the south.
Representative potentiometric surface maps generated from the Phase I RI
groundwater elevation data are shown on Figures 3-7 and 3-8. As shown
on Figures 3-7 and 3-8, groundwater at the Station responds quickly to
seasonal precipitation during the wet season; groundwater elevations
increased approximately 2 feet between October 1996 and January 1997.

Slug tests were performed on monitoring well MW-3 during the Phase 1
RI. Hydraulic conductivity estimates ranging from 1.25x10-4 to 6.09x10-4
feet per second were calculated for monitoring well MW-3. These results
are consistent with the predominant sand lithology at the site.

Critical Habitats and Endangered/Threatened Species

No critical habitats or endangered or threatened species have been
identified within 4 miles of the Seattle ANGS (OpTech 1995).
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SECTION 4.0

FIELD PROGRAM METHODS

Summary

This section summarizes the elements of the Phase II RI field program.
Deviations from the Phase II RI/FS Work Plan (ERM 1998b), data
validation, and disposition of investigation-derived wastes are also
described. The results of the Phase II RI field investigation are presented
in Section 5.0.

The purpose of the Phase II RI was to further define the nature and extent
of COPCs in soil and groundwater at the Seattle ANGS. Specifically, the
objectives of the Phase II RI field investigation were to:

* Identify and characterize potential sources and extent of VOCs in
shallow soil and groundwater;

* Determine trends in the concentrations of VOCs in groundwater and
evaluate compliance with ARARs; and

* Determine the lateral extent of petroleum hydrocarbon contamination
in soil surrounding PA/SI soil boring BS-003BH.

Field investigations were conducted in the southern and northwest
portions of the Station where VOCs were previously detected in
groundwater during Phase I. Technical memoranda for field activities are
included in Appendix A. The Phase II field investigation consisted of the
following activities:

* Collection of subsurface soil vapor, soil, and groundwater samples
using direct-push technology;

* Installation and quarterly sampling of groundwater monitoring wells;
and
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* A location and elevation survey of the Phase II RI direct-push soil and

groundwater sampling locations and groundwater monitoring wells.

Deviations from the Work Plan

Five deviations from the Phase II RI/FS Work Plan occurred during field
activities:

The direct-push boreholes were abandoned by simultaneously pouring
bentonite chips and tap water into the open holes instead of by
grouting with a tremie pipe as specified in the Work Plan.

The field quality assurance/quality control (QA/QC) sample naming
convention (sample identifiers) differed from the convention described
in the Work Plan. This change was implemented to simplify
subsequent data review.

During the first quarterly groundwater sampling event, all of the
monitoring wells at the Station (13 wells total) were sampled after the
five new Phase II wells were installed. The Work Plan indicated that
the eight pre-existing wells would be sampled prior to the soil vapor
survey, and that the five new wells would be sampled following
completion and development of these wells.

One soil sample was collected from each new monitoring well boring
for VOC analysis (five samples total); the collection of soil samples
from monitoring well borings was not included in the Work Plan.

Beginning with the second quarterly groundwater sampling event,
isopropanol was used instead of methanol for the final equipment
decontamination spray rinse. This change was implemented to avoid
the hazardous waste storage and handling issues associated with spent
methanol.

These deviations were approved by the ANG Project Manager. No other
deviations from the Phase II RI/FS Work Plan occurred during field
activities.
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Field-Screening Activities

44

Soil samples collected during the Phase II RI were field-screened for
organic vapors using a photoionization detector (PID). The following
procedure was used to field-screen soil samples. First, a portion of each
soil sample was placed in a re-sealable plastic bag and the bag was
immediately sealed. @ The sample was then gently agitated for
approximately 30 seconds and left to equilibrate at ambient temperature
(out of direct sunlight) for at least 15 minutes. Following the equilibration
period, the total organic vapor concentration of the soil sample was
measured by carefully pushing the PID probe through the wall of the
plastic bag into the headspace above the sample. The maximum PID
reading observed for each sample was recorded on the borehole log
(Appendix B).

Confirmation Activities

44.1

This section describes the confirmation activities performed during the
Phase II RI. A summary of the sampling and analytical testing conducted
during the Phase II R1 is provided on Table 4-1.

Soil Vapor Sampling

4.4.2

Soil vapor samples were collected from 40 locations to screen for potential
sources of VOCs in soil. The soil vapor survey focused on the northwest
and southern portions of the Station, where VOCs were previously
detected in groundwater at concentrations above ARARs. The soil vapor
sampling locations are shown on Figure 4-1. The soil vapor samples were
collected from approximately 5 feet bgs using a StrataProbe direct-push
rig and were analyzed for VOCs in a mobile field laboratory.

Direct-Push Soil and Groundwater Sampling

Direct-push subsurface soil and groundwater samples were collected from
20 locations to characterize the extent and potential sources of VOCs in
shallow soil and groundwater. The direct-push soil and groundwater
sampling focused on the northwest and southern portions of the Station
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TABLE 4-1
Phase II RI Sampling and Analytical Testing Summary
143rd CCSQ, Seattle ANGS, Seattle, Washington

Matrix Sampling Field Laboratory |  Analytical | Primary Sample QA/QC Samples Total
. Method Parameters Parameters Method Analyses Trip | Rinsate] Field | Field MS/MSD Laboratory
Blank | Blank | Blank | DUP |M>™MSD| srajyces
Soil Vapor | StrataProbe-40 None VOCs | USEPA 8021B 10 2 4 2 4 - 52
locations
StrataProbe - 20
locations Organic vapors VOCs USEPA 8260 20 1 2 1 2 1 27
Soil TPH WTPH-HCID 3 -- 1 1 1 - 6
Mw bor.mgs = Organic vapors VOCs USEPA 8260 5 1 1 - - - 7
locations
StrataProbe - 20 None VOCs | USEPA 8021B 20 1 1 1 2 1 2%
locations
Groundwater 8 existing MW, IS—iC].:e'l;l:rl;:‘c::ly;e
5new Mws, | P7 SemP | vOCs | USEPA 8260 52 8 5 8 5 3 81
terly for 1 vear D.O., Redox
quarterly for 1y potential

VOCs = Volatile organic compounds

5.C. = Specific conductance
TPH = Total petroleum hydrocarbons

D.O. = Dissolved oxygen content

WTPH-HCID = Washington TPH - hydrocarbon identification method USEPA = United States Environmental Protection Agency
QA/QC = Quality assurance/quality control MS/MSD = Matrix spike/ matrix spike duplicate
DUP = Duplicate sample MW = Monitoring well
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(Figure 4-2). A StrataProbe rig was used to collect the samples. Soil
samples were collected from just above the water table and were analyzed
for VOCs at an off-site State-certified laboratory. Groundwater samples
were collected from approximately 2.5 feet below the water table and
were analyzed for VOCs in a mobile field laboratory.

Groundwater Monitoring Well Installation

444

Five groundwater monitoring wells (MW-6 through MW-10) were
installed during the Phase II RI. The monitoring wells were installed to
further define the lateral extent of VOCs in shallow groundwater and to
monitor compliance of VOC concentrations with ARARs. The locations of
monitoring wells at the Seattle ANGS are shown on Figure 4-2. Table 4-2
provides construction information for the monitoring wells. Borehole logs
and well construction diagrams for the monitoring wells installed during
Phase II are included in Appendix B.

Groundwater Monitoring

445

The new and existing groundwater monitoring wells at the Station
(13 wells total; Figure 4-2) were sampled on a quarterly basis for 1 year.
The purpose of the groundwater monitoring was to assess compliance
with ARARs and trends in concentrations of VOCs. The quarterly
groundwater samples were analyzed for VOCs at an off-site State-certified
laboratory.

Water levels were measured in the monitoring wells at the beginning of
each sampling event. The groundwater levels were contoured and used
to estimate groundwater flow directions at the Station.

Specific Media Sampling

This section summarizes the sampling and analytical methods used
during the Phase II RI. The Phase II RI/FS Work Plan (ERM 1998b)
provides further details regarding monitoring well installation and the
specific sample collection procedures that were used.

4.4.5.1 Soil Vapor

Soil vapor samples were collected from approximately 5 feet bgs using a
hydraulically-driven sampling probe consisting of threaded sections of
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TABLE 4-2

Monitoring Well Installation Summary
143rd CCSQ, Seattle ANGS, Seattle, Washington

) IRP Date | MG |l Depth| S8 | e | sereen Slot Annuler | Screened | Top of Sand
Location Investigation | Completed Point Elevation (ft-bgs) Diameter/ Completion [Size (inches) Seal Interval Filter Pack
{ft-amsl) Material (ft-bgs) (ft-bgs)

Bacl?:l'.::igz\fvell) PA/SI 7/14/94 14.66 20.5 2-inch PVC Flush 0.010 S-feet BC 9.0-19.0 7.0
Backg[::[)‘:.lvr:}i Well) Phase IRl | 10/16/96 14.92 20.5 2-inch PVC Flush 0.010 2-feet BC | 10.0-20.0 7.5
BS-005PZ PA/SI 7/14/94 14.39 20.5 2-inch PYC Flush 0.010 5-feet BC 9.0-19.0 7.0
BS-006PZ PA/SI 7/14/94 14.59 205 2-inch PVC Flush 0.010 5-feet BC 9.0-19.0 7.0
MW-2 Phase I RI | 10/16/96 14.60 20.5 2-inch PVC Flush 0.010 2-feet BC | 10.0-20.0 75
MWw-3 Phase IRl | 10/17/96 11.88 20.5 2-inch PVC Flush 0.010 2-feet BC | 10.0-20.0 75
MWw-4 Phase IRl | 10/17/96 12.05 20.5 2-inch PYC Flush 0.010 2-feet BC | 10.0-20.0 7.5
MW.5 Phase IRl | 10/17/96 13.94 20.5 2-inch PVC Flush 0.010 2-feet BC | 10.0-20.0 7.5
MW.-6 PhaseIIRI | 8/27/98 11.62 205 2-inch PVC Flush 0.010 2-feet BC 5.0-20.0 4.0
MW-7 Phase IIRI | 8/27/98 12.17 205 2-inch PVC Flush 0.010 2-feet BC 5.0-20.0 4.0
MWwW-8 Phase IIRI | 8/27/98 11.90 20.5 2-inch PVC Flush 0.010 2-feet BC 5.0-20.0 4.0
MW-9 Phase IIRl | 8/27/98 14.30 20.5 2-inch PVC Flush 0.010 2-feet BC 5.0-200 4.0
MW-10 Phase II Rl | 8/27/98 14.97 20.5 2-inch PVC Flush 0.010 2-feet BC 5.0-20.0 4.0

(ft-amsl) = Feet above mean sea level

{ft-bgs) = Feet below ground surface

RI = Remedial Investigation

PA/SI = Preliminary Assessment/Site Inspection
PVC = Polyviny! chloride

BC = Bentonite chips
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1-inch diameter stainless-steel pipe. The sampling probe was fitted with a
detachable drive point. After the sampling probe was advanced to the
desired depth, it was retracted slightly to allow soil vapors to enter the
probe. A vacuum pump was then used to purge ambient air from the
sampling probe and extract soil vapors. The soil vapor samples were
collected from the sampling probe using a gas-tight syringe and were
transferred to evacuated glass vials with Teflon-lined septa for subsequent
analysis in an on-site mobile field laboratory operated by Transglobal
Environmental Geosciences Northwest, Inc., (TEG Northwest). The soil
vapor samples were analyzed in accordance with the analytical testing
summary provided on Table 4-1.

4.4.5.2 Soil

Subsurface soil samples were collected from 20 StrataProbe direct-push
sampling locations and from 5 monitoring well borings installed using a
hollow-stem auger drill rig.

StrataProbe soil samples were collected from just above the water table by
hydraulically pushing a split-spoon drive sampler lined with stainless-
steel sleeves to the desired sampling depth. Soil at shallower depths was
prevented from entering the drive sampler by a center steel rod. At the
specified sampling depth the center rod was removed and the drive
sampler was pushed into undisturbed soil at the bottom of the boring. A
portion of each soil sample collected was field-screened for organic vapors
as described in Section 4.3. The remaining undisturbed portion of each
soil sample was stored on ice in a cooler and submitted under chain-of-
custody to MultiChem Analytical Services in Renton, Washington, for
analytical testing. The StrataProbe soil samples were analyzed in
accordance with Table 4-1.

The soil samples collected from the monitoring well borings also were
collected from just above the water table using a split-spoon drive
sampler. However, in this case, the sampler was driven into undisturbed
soil at the bottom of each borehole using a drop hammer on the hollow-
stem auger drill rig. The well-boring soil samples were otherwise handled
and analyzed the same as the StrataProbe soil samples (per Table 4-1).

4.4.5.3 Groundwater

Groundwater samples were collected from 20 StrataProbe direct-push
sampling locations and from 13 groundwater monitoring wells.

4-9
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The StrataProbe groundwater sampling device consists of a drive point, a
slotted section of stainless-steel screen for sample intake, and a retractable
sleeve. The StrataProbe rig pushed the sampling device through the soil
to the desired sampling depth (approximately 2.5 feet below the water
table). The sleeve was then retracted, exposing the screen section and
allowing groundwater to flow into the sample probe. A peristaltic pump
was used to transfer groundwater from the sample probe to glass volatile
organics analysis (VOA) vials for subsequent analysis in an on-site mobile
field laboratory operated by TEG Northwest. The StrataProbe
groundwater samples were analyzed in accordance with Table 4-1.

Groundwater monitoring wells were sampled as follows. First, static
water levels in the wells were measured to within #0.01 foot using an
electronic water level indicator. The monitoring wells were then purged
and sampled using low-flow methods. Using a stainless-steel submersible
pump, each well was purged at a rate of less than 1 liter per minute. The
temperature, pH, specific conductance, turbidity, dissolved oxygen
content, and redox potential of the purge water were monitored during
well purging using an in-line flow cell. Purging continued until the
purge-water parameters stabilized. Groundwater samples were then
collected in glass VOA vials. The monitoring-well groundwater samples
were stored on ice in a cooler and submitted under chain-of-custody to
MultiChem Analytical Services for analytical testing in accordance with
Table 4-1.

4.5 Field Quality Assurance/Quality Control
This section describes the field QA/QC procedures employed during
Phase II RI field activities at the Seattle ANGS.

4.5.1 Field Documentation

Field activities were documented in daily log books and field forms.
Subsurface lithologies and PID readings observed during the StrataProbe
sampling and monitoring well installation were recorded in field notes
and on borehole logs. Groundwater monitoring information was
recorded on groundwater sampling forms. The borehole logs and
groundwater sampling forms were kept in a bound notebook.
Additionally, field activities were documented with photographs.

4-10
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Equipment Decontamination

4.5.3

Before each use, soil sampling equipment that directly contacted soil
samples was washed with a solution of tap water and Liqui-Nox (a
laboratory-grade detergent), then rinsed with American Society for
Testing and Materials (ASTM) Type II regeant-grade water and high-
performance-liquid-chromatography-grade (HPLC-grade) methanol, then
rinsed again with ASTM Type II water. Auger flights used for drilling
were decontaminated before each use by steam cleaning. The electronic
water level indicator and the housing of the submersible pump used for
purging and sampling the monitoring wells were decontaminated before
each use by washing with a solution of tap water and Liqui-Nox or
Alconox, and rinsing with ASTM Type II water and HPLC-grade
methanol or isopropanol. The submersible pump internals and non-
disposable tubing were decontaminated by pumping a Liqui-Nox or
Alconox solution, followed by ASTM Type II water, through the pump
and tubing.

Field QA/QC Samples

454

The number and type of field QA/QC samples collected, and the analyses
performed on the samples, are summarized on Table 4-1.

Field duplicate samples, field blanks, trip blanks, equipment rinsate
blanks, and matrix spike/matrix spike duplicate (M5/MSD) samples were
submitted to the analytical laboratory to assess the quality of the data
resulting from the field sampling program. Duplicate samples were
collected at a minimum frequency of one per ten primary samples per
matrix. Field blanks were collected at a minimum frequency of one tap
water blank and one ASTM Type II water blank per sampling event. Trip
blanks were collected at a frequency of one per cooler containing samples
for VOC analysis. Equipment rinsate blanks were collected at a minimum
frequency of one per ten primary samples per matrix. MS/MSD samples
were collected at a minimum frequency of one MS/MSD pair per 20 field
samples.

Soil Sample Preservation

Soil samples submitted for laboratory analysis were contained in stainless-
steel sleeves. Immediately after collecting each sample, the ends of the
filled sleeve were covered first with a sheet of Teflon (a moisture barrier),
then aluminum foil, and finally with a fitted plastic cap. Samples were
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then placed in individual resealable plastic bags and stored in a cooler
with enough ice to maintain samples at a temperature of less than
4 degrees Celsius (°C). Holding times for soil samples analyzed during
the Phase II RI are summarized on Table 4-3. The holding time is defined
as the maximum length of time that samples should be held before the
completion of analytical protocols.

Groundwater Sample Preservation

4.6

Groundwater samples for VOC analysis were collected in 40-milliliter
glass VOA vials with Teflon-lined septa. The VOA vials contained
enough hydrochloric acid preservative to maintain samples at a pH of less
than 2, and the vials were filled completely to eliminate headspace. The
groundwater samples were stored in coolers with enough ice to maintain
samples at a temperature of less than 4 °C. Holding times for water
samples analyzed during the Phase II RI are summarized on Table 4-3.

Analytical Data Review and Validation

The quality assurance (QA) effort for this project included a
comprehensive review of the laboratory analytical data for conformance
with the project data quality objectives specified in the Phase II RI/FS
Work Plan (ERM 1998b). In addition, analytical data packages consistent
with USEPA Contract Laboratory Program (CLP) reporting requirements
were requested for approximately 10 percent of the Phase II soil samples
and 100 percent of the Phase II groundwater samples. The analytical data
reported in the CLP-like data packages were validated in accordance with
USEPA Contract Laboratory Program National Functional Guidelines for
Organic Data Review (February 1994) and USEPA Contract Laboratory
Program National Functional Guidelines for Inorganic Data Review
(February 1994).

The results of the QA analytical data review and validation are
summarized in Section 5.0. Appendix F contains the QC data
review/validation reports for the Phase II analytical data.
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TABLE 4-3

Summary of Sample Holding Times for Water and Soil Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

Parameter Holding Time

Water Samples

VOCs Analyze within 14 days of collection.
Soil Samples
VOCs Analyze within 14 days of collection.

TPH Extract within 7 days of collection and analyze
within 40 days of extraction.

VOCs = Volatile organic compounds
TPH = Total petroleum hydrocarbons

4-13
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Borehole Abandonment

The StrataProbe borings were abandoned using hydrated bentonite chips.
The bentonite chips and water were poured simultaneously into the open
borehole and filled to the surface. Cold-patch asphalt was used to seal the
surface and match the surrounding pavement.

Land Surveying

4.9

The locations and surface elevations of the Phase II RI StrataProbe soil and
groundwater sampling locations and monitoring wells were surveyed by
Landmark Incorporated of Bellevue, Washington. Vertical survey data
were tied to the United States Coastal and Geodetic Survey monument
“Boeing G,” a second-order benchmark adjusted in 1973 with an elevation
of 10.58 feet National Geodetic Vertical Datum of 1929. Planned vertical
and horizontal accuracies for the survey were +0.01 feet and +0.1 feet,
respectively. Coordinates and elevation data for the RI sampling locations
are included in Appendix C.

Investigation-Derived Waste Management

Wastes generated during the Phase II RI field activities consisted of soil
cuttings generated during StrataProbe sampling and monitoring well
installation, equipment decontamination water, monitoring well purge
water, and solid wastes (e.g., waste paper and plastic). Soil cuttings,
decontamination water, and purge water were contained in labeled
55-gallon steel drums. The drums were stored in a paved staging area
near the IRP site. Uncontaminated solid wastes generated during the field
work were disposed of with regular Station trash. Additional details
regarding management of investigation-derived wastes are provided in
Appendix D.
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SECTION 5.0

INVESTIGATION FINDINGS

This section presents the findings of the Phase II RI conducted at the
Seattle ANGS. The findings are discussed in the context of previous
investigation results and compliance with chemical-specific ARARs.

Installation-Wide Geologic and Hydrologic Investigation
Results

Subsurface data collected during the PA/SI and RI indicate that the near-
surface geology at the Seattle ANGS is predominantly composed of two
units. The first unit is a silty sand fill material present to a depth of
approximately 8 feet bgs. The fill material is consistent with the
descriptions of the material that was used to raise the Duwamish Valley
for development in the 1910s. The second unit consists primarily of poorly
graded, fine-grained sand present from approximately 8 feet bgs to the
maximum depth of the borings drilled during the PA/SI and RI. Geologic
cross-sections through the site are shown on Figures 3-3, 34, and 3-5.

Unconfined groundwater occurs at approximately 6 to 10 feet bgs at the
Station. Static water levels measured in the monitoring wells during the
Phase I and II RI are summarized on Table 5-1. Periodic water level
measurements collected on 2 September 1998 from monitoring wells
MW-3, MW+4, and MW-5 indicate that groundwater at the Seattle ANGS
is not tidally influenced. Water levels in these wells did not change
significantly over an 8.5-hour period, even though the tide increased
almost 10 feet during the same period (Figure 5-1).

Representative potentiometric maps for the monitoring period April 1997
to May 1999 are shown on Figures 5-2 through 5-6. The inferred
groundwater flow direction during the period was predominantly toward
the south, and the average hydraulic gradient was nearly constant at
approximately 0.0025 feet per foot. The reason for the apparent
southeasterly groundwater flow direction and increased gradient in the
southern portion of the Station on 24 November 1998 (Figure 5-4) is
unclear.
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TABLE 5-1

Monitoring Well Water Level Summary
143rd CCSQ, Seattle ANGS, Seattle, Washington

Measuring Point Water Level
Monitoring Well Elevat?on " Date Depth to Water Elevation
(ft amsl) (£t bmp) (€t amsl)
9/17/96 8.88 578
10/22/96 8.93 5.73
12/17/96 8.08 6.58
BS-004FPZ 14.66 1/14/97 6.98 7.68
(Background Well) 4/11/97 7.23 743
7/10/97 8.08 6.58
9/1/98 9.79 4.87
11/24/98 939 5.27
2/24/99 6.84 7.82
5/18/99 7.81 6.85
9/17/96 9.16 5.23
10/22/96 9.42 4.97
12/17/96 8.51 5.88
1/15/97 7.48 6.91
BS-005PZ 1439 4/10/97 7.65 6.74
7/11/97 847 5.92
9/1/98 10.12 427
11/24/98 9.41 498
2/24/99 7.32 7.07
5/18/99 8.15 6.24
9/17/96 9.12 5.47
10/22/96 9.47 5.12
12/17/96 8.54 6.05
1/14/97 7.62 6.97
BS-006PZ 14.59 4/11/97 7.77 6.82
7/11/97 849 6.10
9/1/98 10.29 430
11/24 /98 9.37 5.22
2/24/99 7.42 717
5/18/99 8.20 6.39
10/22/96 9.18 5.74
12/17/96 8.20 6.72
1/14/97 711 7.81
MW-1 14.92 4/10/97 7.58 7.34
(Background Well) 7/11/97 8.51 6.41
9/1/98 10.22 4.70
11/24/98 9.45 547
2/24/99 7.12 7.80
5/18/99 8.25 6.67
5-2
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TABLE 5-1

Monitoring Well Water Level Summary
143rd CCSQ, Seattle ANGS, Seattle, Washington

Measuring Point Water Level
MoMtoﬁig Well Elevat?on Date Del;fﬂ:;’n :;ater Elevation
(ft amsl) (ft amsl)

10/22/96 8.89 5.71

12/17/96 8.03 6.57

1/15/97 7.13 747

MW-2 14.60 4/10/97 7.25 7.35
7/11/97 7.98 6.62

9/1/98 9.59 5.01

11/24/98 9.75 4.85

2/24/99 6.70 7.90

5/18/99 7.71 6.89

10/22/96 7.77 4.11

12/17/96 6.78 5.10

1/15/97 7.80 4.08

MW-3 11.88 4/11/97 6.06 5.82
7/11/97 6.94 1.94

9/1/98 8.09 3.79

11/24/98 7.20 4.68

2/24/99 5.56 6.32

5/18/99 6.65 5.23

10/22/96 8.20 3.85

12/17/96 7.21 4.84

1/14/97 6.31 574

MW-4 12.05 4/11/97 6.65 5.40
7/11/97 7.43 462

9/1/98 8.21 3.84

11/24/98 8.14 3.91

2/24/99 6.08 5.97

5/18/99 7.16 4.89

10/22/96 10.06 3.88

12/17/96 9.06 4.88

1/14/97 8.01 5.93

MW-5 13.94 4/11/97 8.36 5.58
7/10/97 9.23 4.71

9/1/98 10.15 3.79

11/24/98 10.11 3.83

2/24/99 7.84 6.10

5/18/99 8.98 4.96

9/1/98 8.38 3.24

MW-6 11.62 11/24/98 7.64 3.98
2/24/99 5.50 6.12

5/18/99 6.55 5.07
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TABLE 5-1

Monitoring Well Water Level Summary
143rd CCSQ, Seattle ANGS, Seattle, Washington

Measuring Point Water Level
Monitoring Well Elevat?on © Date Del;;l:;; V\;ater Elevation
(ft amsl) P (€t ams])

9/1/98 6.75 5.42

MW-7 12.17 11/24/98 7.30 4.87
2/24/99 5.94 6.23

5/18/99 7.05 512

9/1/98 8.89 3.01

MW-8 11.90 11/24/98 8.02 3.88
2/24/99 5.82 6.08

5/18/99 6.95 4.95

9/1/98 9.78 4.52

MW-9 14.30 11/24/98 8.00 6.30
2/24/99 6.76 7.54

5/18/99 7.69 6.61

9/1/98 10.42 455

MW-10 14.97 11/24/98 9.69 5.28
2/24/99 7.40 757

5/18/99 8.43 6.54

ft ams] = Feet above mean sea level
ft bmp = Feet below measuring point
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As part of the Phase I RI, slug tests were performed on monitoring well
MW-3 to evaluate the hydraulic conductivity of the shallow groundwater-
bearing unit at the site. Estimates for the hydraulic conductivity proximal
to monitoring well MW-3, calculated using the Bouwer and Rice method
of analysis, ranged from 1.25x10+ to 6.09x10+ feet per second (3.29 to 16.04
meters per day). These relatively high values for hydraulic conductivity
are consistent with the predominant sand lithology observed at the
Station, and provide an explanation for the observed rapid response of
groundwater elevations to seasonal fluctuations in precipitation. Slug test
data are presented in the Phase I RI Report (ERM 1998a).

Project Screening Goals

Numeric project screening goals (PSGs) were developed during the Phase
I RI for constituents that were detected in background and site-
characterization soil and groundwater samples. The PSGs were derived
from chemical-specific ARARs and were used to evaluate detected
constituent concentrations for compliance with applicable regulatory
criteria. The PSGs developed during Phase I also were used to evaluate
the concentrations of constituents detected during the Phase II RI.

The PSGs used for this project and the numeric ARARs from which they
were derived are summarized on Tables 5-2 and 5-3. The PSGs were
derived according to the following criteria:

Soil PSGs

1. The MTCA Method A Table Value (Residential Soil Cleanup Level;
Washington Administrative Code [WAC] 173-340-740[2]) was used as
the initial PSG.

2. If there was no MTCA Method A Table Value available, the MTCA
Method B Formula Value (WAC 173-340-740[3]; WDOE 1994a) was
used as the initial PSG (cancer or non-cancer value, whichever was
more stringent).

3. The regional natural background concentration (WDOE 1994b) was
used if there was no MTCA Method A or Method B value available, or
if the MTCA Method A (or Method B) value was less than the natural
background concentration.
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TABLE 5-2
Numeric ARARSs and Project Screenting Goals for Constituents Detected in Sofl
143rd CCSQ, Seattle ANGS, Seattle, Washington

MTCA Method A] MTCA Method | MTCA Method MTCA Method | Regional Natural Site-Specific

Table Value A Table Value B Cancer B Non-Cancer Background Background Project
Analyte (Residential Soil) | (Industrial Soil) | Formula Value | Formula Value | Concentration | Concentration* Screening Goal
Organic Compounds: (mg/kg)
Bis§2-ethylhexyl)phthalate - -- 71.4 1,600 -- ND 714
TPH-Gasoline 100 100 - -- - ND 100
'TPH-Diesel 200 200 -- -- - ND 200
TPH-Heavy oil 200 200 -- -- - ND 200
Trichloroethene 0.5 0.5 909 -- -- ND 0.5
Radionuclides: (pCi/g)
Gross Alpha - -- - - -- 9.96 9.96
Gross Beta - - - - - 16.1 16.1
Radium-226 - - - - - 0.77 0.77
Radium-228 - - - -- - 0.93 0.93
Metals: (mg/kg)
Arsenic 20 200 143 60 7.3 5.59 20
Cadmium 2 10 0.164 80 0.77 ND 2
Chromium 100 500 - - 48.15 14.2 100
Copper -~ - - 2,960 36.36 15.8 2,960
Lead 250 1,000 - -- 16.83 182 250
Nickel - -- - 1,600 38.19 10.5 1,600
Selenium - - - 400 -- 1.66 400
Zinc - - - 24,000 85.06 30.1 24,000

mg/kg = Milligrams per kilogram

pCi/ g = PicoCuries per gram

MTCA = Model Toxics Control Act
-- =Standard not established / value not available

* Site-specific background concentration corresponds to the 95% upper confidence limit (UCL) mean concentration in RI background samples.
ND = Compound not detected in RI background samples.

Sources:

MTCA Method A Table Values: WAC 173-340-740 (Table 2) and WAC 173-340.745 (Table 3), MTCA Method A Cleanup Levels for Soil
MTCA Method B Formula Values: MTCA Clcanup Levels and Risk Calculations (CLARCI) Update, 1995

Regional Natural Background Concentrations: Natural Background Soil Metals Concentrations in Washington State, October 1994
(Washington State Department of Ecology Publication 94-115), Table 17, Puget Sound 90th percentile valucs.
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TABLE5-3

Numeric ARARs and Project Screening Goals for Constituents Detected in Groundwater
143rd CCSQ, Seattle ANGS, Seattle, Washington

MTCA Federal [MTCA Méthod Bj MTCA Method B Site-Specific

. - | Method A | ' Federal Secondary | Cancer Formula| -~ Non-Cincer Background Project Screening|
Analyte . - | Table Value | Primary MCL| *~ MCL  Value Formula Value Concentration* Goal®
Organic Compounds: (ng/i]
Acetone - - - - 800 ND 800
Benzene 5 5 - 151 - ND 5
1,1-Dichloroethane - - - - 800 0.513 800
1,2-Dichloroethane 5 5 - 0481 - ND 5
cis-1, 2-Dichloroethene - 70 — - 80 ND 70
Ethylbenzene 30 700 ~ — 800 ND 30
Tetrachloroethene 5 5 — 0.858 80 7.23 5
Toluene 40 1,000 - - 1,600 1.04 40
1,1,1-Trichloroethane 200 200 - - 7,200 2.63 200
Trichloroethene 5 5 - 3.98 - ND 5
1,3,5-Trimethylbenzene - -~ - - - 0.507 0.507
Xylenes 20 10,000 - -- 16,000 ND 20
Radionuclides:
Gross Alpha 15 pCi/l 15 pCi/1 - - - 1.89 pCi/t 15 pCi/1
Gross Beta 4 mrem/yr | 4 mrem/yr - - -~ 11.3 pCi/1 11.3pGi/1(1)
Radium-226 3 pCi/l - - — — 0.236 pCi/| 3pCi/l
Radium-226 and 228 5 pCi/l 5 pCi/l - - -~ 0.494 pCi/l 5 pli/l
Radium-228 2 pCi/) (2) — - = - 0.258 pCi/l 2 pCi/l
Metals: (ug/1)
Arsenic 5 50 - 0.05 4.8 ND 5
Copper - - 1,000 - 592 8.06 1,000
Nickel - 100 — - 320 9.66 100
Zinc - - 5,000 ~ 4,800 51 5,000

ug/ | = Micrograms per liter
pCi/| = PicoCuries per liter
mrem/ yr = Millirem per year
— = 5tandard not established

MTCA = Model Toxics Control Act
MCL = Maximum Contaminant Level (Enforceable Level) for drinking water
ND = Compound not detected in Rl background samples.
(1) = The site-specific background concentration for gross beta radiation was chosen as the Project Screening Goal rather than the MTCA Methad A
Table Value because laboratory results were reported as concentrations, not dosages. The MTCA Method A Table Value is given as a dosage,
and is thus not as easily compared with sample results.
(2) = MTCA Method A Tables for groundwater report a combined Radium-226 and Radium-228 cleanup level of 5 piC/l. The
cleanup level for Radium-226 alore is 3 piC/|. Therefore, the cleanup level for Radium-228 alone is approximated at 2 piC/1.
*Site-specific background concentration corresponds to the 95% upper confidence limit (UCL) mean concentration in RI background samples.

Sources: MTCA Method A Table Values: WAC 173-340-720, MTCA Method A Cleanup Levels for Groundwater

MTCA Method B Formula Values: MTCA Cleanup Levels and Risk Calculations (CLARC II) Update, 1995
Primary and Secondary MCLs: 40 Code of Federal Regulations 141.11-16, 141.60-63, and 143.3
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4. If there was no MTCA Method A, MTCA Method B, or natural
background concentration value available, the site-specific background
concentration (95 percent upper confidence limit [UCL] mean
concentration; Table 5-2) was used.

Groundwater PSGs

1. The MTCA Method A Table Value (Groundwater Cleanup Level;
WAC 173-340-720[2]) or the Federal Safe Drinking Water Act Primary
MCL or Secondary Maximum Contaminant Level (SMCL) (40 Code of
Federal Regulations [CFR] 141.11-16, 141.60-63, and 143.3) was used,
whichever was more stringent.

2. If there was no MTCA Method A Table Value or MCL/SMCL
available, the MTCA Method B Formula Value (WAC 173-340-720[3];
WDOE 1994a) was used (cancer or non-cancer value, whichever was
more stringent).

3. If there was no MTCA Method A, MCL/SMCL, or MTCA Method B
value available, the site-specific background concentration (95 percent
UCL mean concentration; Table 5-3) was used (data on regional
natural background concentrations were not available for the
constituents detected).

Installation-Wide Background Sampling Results

Site-specific background soil and groundwater samples were collected
during the Phase I RI. The results of the Phase I RI background sampling
are presented on Tables 2-6 and 2-8 and in the Phase | RI Report (ERM
1998a).

Background groundwater samples were collected from monitoring wells
MW-1 and BS-004PZ during Phase 1. PCE was detected above PSGs in
monitoring well BS-004PZ; the highest concentration of PCE detected in
this well was 17 ug/1l. Wells MW-1 and BS-004PZ were included in the
Phase II groundwater monitoring program; analytical testing results for
these wells are presented in Section 5.4.4.
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Installation-Wide Findings

5.4.1

This section presents the field-screening and analytical testing results for
the soil vapor, soil, and groundwater samples collected at the Seattle
ANGS during the Phase II RI. The repositories of laboratory analytical
data packages are listed in Appendix E.

Screening Results

54.2

Soil samples were field-screened for organic vapors using a PID. The
results of the organic vapor screening are documented on the borehole
logs contained in Appendix B.

Soil Vapor

54.3

Soil vapor samples were collected from 40 locations at a depth of
approximately 5 feet bgs. The soil vapor samples were analyzed for VOCs
in a mobile field laboratory using USEPA Method 8021B. Constituents
detected in the soil vapor samples are presented on Figure 5-7. The results
of the soil vapor survey were used to select the final StrataProbe soil and
groundwater sampling locations.

Constituents detected in the soil vapor samples include TCE, PCE, carbon
tetrachloride, benzene, toluene, ethylbenzene, and xylenes. Detected
concentrations of these constituents were relatively low; the highest
concentration detected was 5.5 parts per million (total xylenes, at
sampling point SVS-27). The low concentrations and diffuse spatial
distribution of the detected constituents suggest that there are no areas of
significant VOC contamination in shallow soils at the Seattle ANGS.

Soils

Soil samples were collected from 20 direct-push borings (GP-23 through
GP-42) and 5 monitoring well borings (MW-6 through MW-10) installed
during Phase II, at depths between 5 and 10 feet bgs. The soil samples
were analyzed for VOCs at an off-site State-certified laboratory using
USEPA Method 8260. Additionally, samples collected from borings
GP-23, GP-24, and GP-25 were analyzed for TPH using Washington
Method WTPH-HCID to assess the lateral extent of TPH in soil

5-15
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FIGURE 5-7
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surrounding PA/SI boring BS-003BH. The results of the soil sampling are
discussed below.

5.4.3.1 Volatile Organic Compounds

Xylenes were detected at a concentration below the associated PSG in the
soil sample collected from 7 feet bgs at boring GP-39. No other VOCs
were detected in the soil samples collected during the Phase II RL

5.4.3.2 Total Petroleum Hydrocarbons

544

No petroleum hydrocarbons were detected in the soil samples collected
from borings GP-23, GP-24, and GP-25.

Groundwater

Groundwater samples were collected from the 20 direct-push
(StrataProbe) borings installed during Phase II (GP-23 through GP-42). In
addition, the site’s 13 groundwater monitoring wells were sampled on a
quarterly basis. The StrataProbe groundwater samples were analyzed for
VOCs in a mobile field laboratory using USEPA Method 8021B. The
samples collected from monitoring wells were analyzed for VOCs at an
off-site State-certified laboratory using USEPA Method 8260.

Constituents detected in the Phase II StrataProbe groundwater samples
are summarized on Table 5-4 and depicted on Figure 5-8. Table 5-5
summarizes the organic constituents detected in groundwater monitoring
wells during the RI. Concentrations of COPCs that exceeded PSGs in
direct-push and monitoring-well groundwater samples collected during
the RI are displayed on Figure 5-9.

VOCs detected in the StrataProbe groundwater samples include
cis-1,2-dichloroethene, TCE, and PCE. The concentrations of TCE detected
at locations GP-36 and GP-38 (10 and 25 pg/l, respectively) exceed the
MTCA Method A Cleanup Level of 5 ng/1.

Samples collected from background (upgradient) well BS-004PZ in
January 1997, April 1997, and May 1999 contained PCE concentrations
above the MTCA Method A Cleanup Level of 5 pg/l; the maximum
concentration detected was 17 ng/l. PCE also was detected in
background well MW-1 in February 1999, at a concentration of 5.2 ug/!1.
TCE was detected at concentrations above the MTCA Method A Cleanup
Level of 5 pug/1 in February 1999 in monitoring well MW-8 (83 ng/1), and
in wells MW-6 and MW-8 in May 1999 (5.7 and 19 pg/], respectively).

5-17
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TABLE 5-4
Constituents Detected in StrataProbe Groundwater Samples
143rd CCSQ, Seattle ANGS, Seattle, Washington

Cis-1,2-
Location Date Dichloroethene | Trichloroethene | Tetrachloroethene

GP-33 8/12/98 ND ND 2
GP-34 8/12/98 3 ND ND
GP-36 8/12/98 5 10 ND
GP-37 8/12/98 ND 1 ND
GP-38 8/12/98 26 25 ND

Project Screening Goal 70 5 5

All concentrations in micrograms per liter (ug/1).

ND = Not detected above laboratory method reporting limit

Shaded cells indicate a detection above the associated project screening goal.

Note: Only the results for samples with target analyte detections are shown;
samples that were "ND" for all target analytes are not shown.

T,
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TABLE 5-5

Organic Constituents Detected in Groundwater Monitoring Wells
143rd CCSQ, Seattile ANGS, Seattle, Washington

11- 111 Cis-1,2- 135-
Location Date Acetone| Toluene | Dichloroethane | Trichloroethane | Dichloroethene | Trimett it Trichk th Tetrachloroethene
9/17/96 ND (ND) 03 3.7 ND ND ND 3.8
9/17/96 (dup) ND (ND) 03 3.8 ND ND ND 38
1/14/97 ND ND ND 2.4 ND ND ND 51
BS-004PZ 4/11/97 ND ND ND 33 ND ND ND 17
(Background Well) 7/10/97 ND ND ND 18 ND ND ND (ND)
9/2/98 ND ND ND ND ND ND ND 20
11/25/98 ND ND ND ND ND ND ND ND
2/24/99 ND ND ND ND ND ND ND ND
5/19/99 ND ND ND ND ND ND ND 6.8
9/17/96 ND ND ND ND ND 0.2 ND ND
1/15/97 ND ND ND ND ND ND ND ND
4/11/97 ND ND ND ND ND ND ND ND
BS-D0SPZ 7/11/97 ND ND ND ND ND ND ND 4.7
9/1/98 ND ND ND ND ND ND ND ND
11/25/98 ND ND ND ND ND ND ND ND
2/24/99 ND ND ND ND ND ND ND ND
5/18/99 ND ND ND ND ND ND ND ND
9/17/96 ND ND ND ND ND 0.2 ND ND
1/14/97 ND ND ND ND ND ND ND ND
4/11/97 ND ND ND ND ND ND ND ND
BS-006PZ 7/11/97 ND ND ND ND ND ND ND ND
9/2/98 ND ND ND ND ND ND ND ND
11/24/98 ND ND ND ND ND ND ND ND
2/24/99 ND ND ND ND ND ND ND ND
5/18/99 ND ND ND ND ND ND ND ND
10/18/96 ND ND ND ND ND ND ND ND
12/17/96 ND ND ND ND ND ND ND ND
1/14/97 ND 1.1 ND ND ND ND ND ND
MW-1 4/11/97 ND ND ND ND ND ND ND ND
{Background Well) 7/11/97 ND ND ND ND ND ND ND ND
9/1/98 ND 6.0 ND ND ND ND ND ND
11/25/98 ND ND ND ND ND ND ND ND
2/24/99 ND ND ND ND ND ND ND 52
5/19/99 ND ND ND ND ND ND ND ND
10/18/96 ND ND ND ND ND ND ND ND
12/17/96 ND ND ND ND ND ND ND ND
1/15/97 ND ND ND ND ND ND ND ND
1/15/97 (dup) ND ND ND ND ND ND ND ND
MW-2 4/10/97 ND ND ND ND ND ND ND ND
7/11/97 ND ND ND ND ND ND ND ND
9/2/98 ND ND ND ND ND ND ND ND
11/25/98 ND ND ND ND ND ND ND ND
2/24/99 ND ND ND ND ND ND ND ND
5/18/99 ND ND ND ND ND ND ND ND
10/18/9 18 ND ND ND ND ND ND ND
10/18/96 (dup) 20 ND ND ND ND ND ND ND
12/17/96 ND ND ND ND ND ND ND ND
12/17/96 (dup) | ND ND ND ND ND ND ND ND
1/15/97 ND ND ND ND ND ND ND ND
MwW-3 4/11/97 ND ND ND ND ND ND ND ND
7/11/97 ND ND ND ND ND ND ND ND
9/2/98 ND ND ND ND ND ND ND ND
9/2/98 (dup) ND ND ND ND ND ND ND ND
11/24/98 ND ND ND ND ND ND ND ND
11/24/98 (dup) | ND ND ND ND ND ND ND ND
2/25/99 ND ND ND ND ND ND ND ND
5/18/99 ND ND ND IND ND ND ND ND
5-20
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TABLE 5-5

Organic Constituents Detected in Groundwater Monitoring Wells
143rd CCSQ, Seattle ANGS, Seattle, Washington

11- 11,1 Cis-1,2- 13,5~
Location Date Acetone| Toluene | Dichloroethane | Trichloroethane | Dichloroethene | Trimethylbenzene | Trichloroethene | Tetrachloroethene

10/18/96 11 ND ND ND ND ND 39 ND

12/17/96 ND ND ND ND ND ND 2.7 ND

1/14/97 ND ND ND ND ND ND 34 ND

4/11/97 ND ND ND ND ND ND 3.2 ND

MW-4 7/11)97 ND ND ND ND ND ND 28 ND
9/2/98 ND ND ND ND ND ND 2.0 ND

11/24/98 ND ND ND ND ND ND 3.4 ND

2/24/99 ND ND ND ND ND ND 2.6 ND

2/24/99 (dup) ND ND ND ND ND ND 2.6 ND

5/18/99 ND ND ND ND ND ND 2.9 ND

10/18/96 ND ND ND ND 5.6 ND ND ND

12/17/96 ND ND ND ND 4.9 ND ND ND

1/14/97 ND ND ND ND 2.7 ND ND ND

4/11/97 ND ND ND ND 14 ND ND ND

4/11/97 (dup) ND ND ND ND 1.6 ND ND ND
MW-5 7/10/97 ND ND ND ND 35 ND 2.1 (ND)
7/10/97 (dup) ND ND ND ND 28 ND ND ND

9/2/98 ND ND ND ND ND ND ND ND

11/24/98 ND ND ND ND 32 ND ND ND

2/25/99 ND ND ND ND 1.7 ND ND ND

5/18/99 ND ND ND ND ND ND ND ND

9/2/98 ND ND ND ND ND ND 3.0 ND

MW.6 11/24/98 ND ND ND ND ND ND 3.0 ND
2/25/99 ND ND ND ND ND ND ND ND

5/18/99 ND ND ND ND 10 ND 5.7 ND

9/2/98 ND ND ND ND ND ND ND ND

Mw-7 11/24/98 ND ND ND ND ND ND 3.8 ND
2/25/99 ND ND ND ND ND ND ND ND

5/18/99 ND ND ND ND ND ND ND ND

9/2/98 ND ND ND ND ND ND 3.0 ND

11/24/98 ND ND ND ND ND ND 3.3 ND

Mw.8 2/24/99 ND ND ND ND 39 ND 83 ND
2/24/99 {dup) ND ND ND ND 42 ND 87 ND

5/18/99 ND ND ND ND 45 ND 19 ND

5/18/99 {dup) ND ND ND ND 47 ND 2 ND

9/1/98 ND ND ND ND ND ND ND ND

MwW-9 11/24/98 ND ND ND ND ND ND ND ND
2/24/99 ND ND ND ND ND ND ND ND

5/18/99 ND ND ND 1.4 ND ND ND 18

9/1/98 ND ND ND ND ND ND ND ND

MW-10 11/25/98 ND ND ND ND ND ND ND ND
2/24/99 ND ND ND ND ND ND ND ND

5/19/99 ND ND ND ND ND ND ND ND

RI Project Screening Goal| 800 40 800 200 70 0.507 5.0 5.0

Notes:

All concentrations in micrograms per liter (ug/1)
ND = Not detected above laboratory method reporting limit
(ND) = A positive detection was reported by the laboratory for this constituent in the sample indicated. The sample result
was qualified as not detected based on a detection of the constituent in an associated quality control blank (United
States Environmental Protection Agency Contract Laboratory Program "10x" and "5x" rules).
dup = Duplicate sample

RI = Remedial I

nvestigation

Shaded cell/bold typeface indicates a value exceeding the associated RI project screening goal.
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Field Quality Assurance/Quality Control Sample Results

5.6

Field blank and equipment rinsate blank samples collected during Phase I1
were analyzed for the same parameters as the associated project samples.
Trip blanks were analyzed for VOCs only. The analytical results for the
QC blank samples are summarized on Table 5-6. Acetone, bromo-
dichloromethane, chloroform, and methylene chloride were detected in
select QC blanks. None of these constituents were detected in the
associated project samples.

Analytical Data Review and Validation Results

5.7

The laboratory analytical data generated during the Phase II RI
were reviewed by a qualified analytical chemist for conformance with the
project data quality objectives specified in the Phase II RI/FS Work Plan
(ERM 1998b). In addition, approximately ten percent of the soil analytical
data and 100 percent of the groundwater data were validated in
accordance with USEPA Contract Laboratory Program National Functional
Guidelines for Organic Data Review (February 1994) and USEPA Contract
Laboratory Program National Functional Guidelines for Inorganic Data Review
(February 1994). Appendix F contains the QC data review/validation
reports for the Phase II RI.

Some of the quantitation limits and positive detections reported by the
laboratory for selected samples were qualified as estimated values or
tentative identifications based on the data review and validation. The
data qualification actions are the result of typical minor analytical
accuracy and precision anomalies, and are not considered cause for
further action. None of the Phase II analytical data were rejected.
Accordingly, the analytical data are of acceptable quality and can be used
for decision-making purposes.

Summary and Conclusions

This section provides a summary and conclusions regarding the Phase 11
RI sampling results for the Seattle ANGS. Relevant data from the Phase I
RI are included in the discussion to provide a comprehensive review of
the Rl site characterization results.
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TABLE 5-6

Analytical Results for Phase II RI Field Quality Control Blank Samples

143rd CCSQ, Seattle ANGS, Seattle, Washington

Volatile Organic Compounds
Bromo- Methylene
Type Date Sample Number Acetone dichloromethane Chloroform Chloride

Field Blank (Tap Water) 7/28/98 SVS-15FT ND ND ND ND
Field Blank (ASTM Type Il Water) 7/28/98 SVS-15FA ND ND ND ND
Rinsate Blank 7/28/98 5VS-5R ND ND ND ND
Rinsate Blank 7/28/98 SVS-15R ND ND ND ND
Trip Blank 7/28/98 TB072898-1 ND ND ND ND
Rinsate Blank 7/29/98 SVS-25R ND ND ND ND
Rinsate Blank 7/29/98 SVS-35R ND ND ND ND
Trip Blank 7/29/98 TB072998-1 ND ND ND ND
Rinsate Blark 8/12/98 GP-36R ND ND ND ND
Trip Blank 8/12/98 TB081298-1 ND ND ND ND
Field Blank (Tap Water) 8/13/98 GP-24FT ND ND 11 ND
Field Blank (ASTM Type Il Water) 8/13/98 GP-24FA ND ND ND ND
Rinsate Blank 8/13/98 GP-24R ND ND ND ND
Rinsate Blank 8/13/98 GP-26R ND ND ND ND
Trip Blank 8/13/98 TB081398-1 ND ND ND ND
Rinsate Blank 8/27/98 MW-8-6.5R ND ND 5 ND
Trip Blank 8/27/98 TB082798-1 ND 1 28 6

Trip Blank 9/1/98 TB090198 ND ND ND ND
Field Blank (Tap Water) 9/2/98 BS-004PZ-98-1FT ND ND 18 ND
Field Blank (ASTM Type Il Water) 9/2/98 BS-004PZ-98-1FA ND ND ND ND
Rinsate Blank 9/2/98 MW-3-98-1RB ND ND ND ND
Trip Blank 9/2/98 TB090298 ND ND ND ND
Rinsate Blank 11/24/98 MW-3-98-2R ND ND ND ND
Trip Blank 11/24/98 TB112498-1 ND ND ND ND
Field Blank (Tap Water) 11/25/98 BS-004PZ-98-2FT ND 1.8 36 ND
Field Blank (ASTM Type Il Water) 11/25/98 BS-004PZ-98-2FA ND ND ND ND
Field Blank (Tap Water) 2/24/99 MW-8-99-1FT ND ND ND ND
Field Blank (ASTM Type 1l Water) 2/24/99 MW-8-99-1FA ND ND ND ND
Rinsate Blank 2/24/99 MW-4-99-1R ND ND ND ND
Trip Blank 2/24/99 TB022499-1 ND ND ND ND
Trip Blank 2/25/99 ‘1B022599-1 NI ND ND ND
Field Blank (Tap Water) 5/18/99 MW-8-99-2FT ND 14 22 ND
Field Blank (ASTM Type Il Water) 5/18/99 MW-8-99-2FA 23 ND ND ND
Rinsate Blank 5/18/99 MW-4-99-2R 23 ND ND ND
Trip Blank 5/18/99 TB051899-1 ND ND ND ND

All concentrations in micrograms per liter (ug/1)
ASTM = American Society for Testing and Materials

ND = Not detected above laboratory method reporting, limut
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COPCs identified during the RI include any constituents detected above
method reporting limits that cannot be attributed to area background
concentrations or sampling/laboratory contamination. COPCs detected
above PSGs at the Seattle ANGS during the Phase I and II RI include
benzene, TCE, and PCE in groundwater. Detections of these constituents
that exceeded PSGs are shown on Figure 5-9. The PSG for each of these
constituents was 5 pug/1, which is the MTCA Method A Cleanup Level for
each constituent.

Benzene was detected above the PSG in one direct-push groundwater
sample collected in the southern portion of the Station. TCE was detected
above the PSG in three direct-push groundwater samples and three
samples collected from monitoring wells (MW-6 and MW-8) in the
southern portion of the Station. PCE was detected above the PSG in three
groundwater samples collected from background monitoring well
BS-004PZ, and in one sample collected from background well MW-1.

Despite extensive sampling of soil and groundwater at the Seattle ANGS
during the Phase I and II RI, the source of the VOCs in groundwater has
not been identified. TCE has been detected in a number of shallow
groundwater monitoring wells at the Boeing site immediately south of the
Station, at concentrations up to 1,000 npg/l (Boeing 1998). The
groundwater data for this site (identified as North Boeing Field Site 6 on
Figure 2-2) define a dissolved TCE plume extending from near the north
end of the site to properties off-site to the south; the highest
concentrations were detected near the middle of the site. Because the
Boeing site is hydraulically downgradient of the Seattle ANGS, the
observed TCE concentrations at the Seattle ANGS likely cannot be
explained by advective transport of TCE from the Boeing site (i.e.,
spreading of the Boeing TCE plume via bulk groundwater flow).
However, dispersion of the Boeing plume at the plume’s upgradient edge
(via concentration-driven diffusion, for example) may be at least partially
responsible for the TCE detected in groundwater at the Seattle ANGS.

StrataProbe borings GP-23, GP-24, and GP-25 were installed to determine
the lateral extent of petroleum hydrocarbons in soil surrounding PA/SI
boring BS-003BH. Positive detections of TPH were reported in soil
samples collected from approximately 3 and 6 feet bgs in boring BS-
003BH, at concentrations of 780 and 160 milligrams per kilogram (mg/kg),
respectively (see Table 2-1; OpTech 1995). However, these results were
obtained using USEPA Method 418.1; analysis of the same two soil
samples for diesel- and gasoline-range hydrocarbons using Washington
Methods WTPH-D and WTPH-G yielded “non-detectable” (ND) results
(OpTech 1995). This fact, combined with the fact that TPH was not
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detected in the StrataProbe soil samples collected in this area, suggests
that the reported TPH detections in the PA/SI samples may have been
false detections caused by matrix interference or laboratory error.
Alternatively, if the TPH detections in the PA/SI soil samples were real,
the hydrocarbons are likely long-chain compounds (i.e., >C24) confined to
shallow soil beneath the asphalt pavement in the immediate vicinity of
boring BS-003BH, and thus do not pose a threat to human health or the
environment. TPH was analyzed for but was not detected in groundwater
samples collected during the Phase I RI.
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SECTION 6.0

APPLICABLE OR RELEVANT AND
APPROPRIATE REQUIREMENTS

This section provides a preliminary summary of Federal and State ARARs
that may be relevant to FS development or other IRP activities at the
Seattle ANGS. ARARs will be further evaluated as necessary during the
Phase IT FS.

6.1 Federal Requirements

6.1.1 Comprehensive Environmental Response, Compensation, and Liability

Act
Section 121 (d) of CERCLA, as amended by SARA, addresses the
management of Federal facilities. The IRP has been designed to mirror
site investigation requirements under CERCLA (i.e., PA, SI, RI, FS, RD,
and RA).

6.1.2 Resource Conservation and Recovery Act

Resource Conservation and Recovery Act (RCRA) regulations governing
hazardous waste management provide both action- and chemical-specific
ARARSs that may apply to IRP activities at the Station.

6.1.2.1 Waste Identification

Waste materials generated at the site (e.g., drill cuttings, purge water,
decontamination water) are regulated as hazardous waste if they meet the
Federal definition provided in 40 Code of Federal Regulations (CFR) 261.

6.1.2.2 Waste Generation and Transport

RI activities or remedial alternatives involving the generation or transport
of hazardous waste trigger RCRA hazardous waste generator
requirements provided in 40 CFR 262. When hazardous waste is shipped
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off site in regulated amounts, the manifesting and transport procedures in
40 CFR 263 must be followed.

6.1.2.3 Land Disposal Restrictions

RCRA regulations in 40 CFR 268 set forth Land Disposal Restrictions (also
known as Land Ban Requirements) for RCRA wastes. These restrictions
were required by the Hazardous and Solid Waste Amendments of 1984 to
RCRA to prohibit the continued land disposal of hazardous wastes
beyond specified dates. However, wastes treated in accordance with
chemical-specific treatment standards provided in 40 CFR 268 Subpart D
may be land-disposed as provided therein. The Land Disposal
Restrictions potentially affect the storage and disposal of hazardous
wastes generated during RI or subsequent remedial activities and may be
considered both action- and chemical-specific ARARs.

6.1.2.4 Treatment, Storage, and Disposal Facilities

6.1.3

If remedial alternatives for the site involve the construction or off-site use
of RCRA treatment, storage, or disposal (TSD) facilities, regulations
provided in 40 CFR 264 become action-specific ARARs. Various
subsections of 40 CFR 264 govern standards and procedures for the
operation of hazardous waste TSD facilities. For example, a common
disposal practice is to create a waste pile of contaminated soil as part of
the remediation process. 40 CFR 264 Subpart L promulgates Federal
RCRA standards for waste piles, including their design, operating
requirements, monitoring and inspection, closure, and post-closure care.
Other subparts control tank systems, surface impoundments, land
treatment units, landfills, incinerators, and miscellaneous TSD units.

Safe Drinking Water Act

Federal regulations pursuant to the Safe Drinking Water Act (SDWA)
govern the quality, usage, and discharge of groundwater as applied to
drinking water quality. MCLs specified in 40 CFR 141.11-16 and 141.60-63
are legally enforceable Federal drinking water standards established by
the USEPA. Maximum Contaminant Level Goals (MCLGs) specified in 40
CFR 141.50-52 are non-enforceable, health-based goals for drinking water.
MCLGs are set at levels at which no adverse health effects may arise.
MCLs are set as close as practical to MCLGs. For non-carcinogens, MCLs
are nearly always set at the MCLG. The USEPA believes that MCLs are
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protective of public health; however, it does recognize that specific
circumstances may require more stringent standards (i.e., MCLGs) for the
protection of public health and the environment.

Clean Water Act

The Federal Clean Water Act and pursuant regulations provide potential
location-, chemical-, and action-specific ARARs for IRP activities at the
Seattle ANGS.

6.1.4.1 Ambient Water Quality Criteria

The USEPA has promulgated Ambient Water Quality Criteria (AWQC)
for surface water and groundwater through 40 CFR 131. Aligned with the
Federal Clean Water Act criteria, the standard governing AWQC presents
scientific data and guidance on the environmental effects of pollutants,
rather than only establishing regulatory requirements. As a result,
decision-makers evaluating remedial alternatives may compare their
water quality data to Federal data and guidance. Candidate RAs
involving contaminated surface water or groundwater must be evaluated
within the context of follow-on water usage and the circumstances of the
actual or potential release before implementation. AWQC may be
considered when evaluating cleanup levels for groundwater or surface
water.

6.1.4.2 National Pollutant Discharge Elimination System

6.1.5

National Pollutant Discharge Elimination System (NPDES) regulations
govern discharges to surface water and control surface water runoff from
storm water discharge systems. Promulgation of Clean Water Act Section
402 and formal ARARs are established for NPDES through 40 CFR 122
and 40 CFR 125, and provide action- and chemical-specific ARARs.

QOccupational Safety and Health Act

RI/FS field activities are governed by Occupational Safety and Health Act
(OSHA) standards under 29 CFR 1910. Site workers must meet the
requirements of the site health and safety plan, possess and use personal
protective equipment in accordance with the health and safety plan, and
take all precautions to eliminate exposure to unsafe or unhealthy
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situations. Other applicable OSHA ARARs include health and safety for
Federal service contracts (29 CFR 1926) and record keeping and reporting
under 29 CFR 1904.

Hazardous Materials Transportation Act

6.1.7

If material containing hazardous wastes is to be transported off site, US.
Department of Transportation hazardous material transportation
requirements in 49 CFR 171-179, pursuant to the Federal Hazardous
Materials Transportation Act, may be action-specific ARARs for RI/FS
activities. These requirements are supplemental to RCRA transporter
requirements in 40 CFR 263.

Clean Air Act

6.1.8

The Federal Clean Air Act may provide action- and chemical-specific
ARARSs for IRP activities, including subsequent field investigations and
RAs such as soil excavation or incineration. All remediation activities
must comply with National Primary and Secondary Ambient Air Quality
Standards found in 40 CFR 50. Rules governing particulate matter less
than 10 microns in size (PM;g) are contained in 40 CFR 50, and are
important due to the potential detrimental effects of such particles on the
lungs. Field activities involving air emissions must ensure compliance
with the PM, standard.

Federal Guidance to be Considered

In addition to Federal and State requirements that may be applicable or
relevant and appropriate to IRP activities, Federal non-regulatory criteria
must be considered. Chemical-specific Federal non-regulatory criteria,
used to help characterize risks and to set cleanup goals, include the
following:

e TUSEPA Risk Reference Doses;
e USEPA Health Advisories;
* USEPA Carcinogen Assessment Group Potency Factors;

¢ USEPA Acceptable Intake Values, Chronic and Subchronic; and
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e USEPA guidance manual on waterrelated fate of 129 priority
pollutants.

6.2 State Requirements

6.2.1 Model Toxics Control Act

The State of Washington has a toxic waste cleanup law called the Model
Toxics Control Act (MTCA). MTCA is the State equivalent of CERCLA.
MTCA outlines cleanup requirements to ensure the protection of human
health and the environment while allowing flexibility in site-specific
application of these requirements. The MTCA Cleanup Regulation
(WDOE 199) defines a two-step approach for establishing cleanup
requirements for individual sites. The first step is establishing cleanup
levels and the second step is selecting cleanup actions that would best
achieve the cleanup levels. The following summary of options for
selecting cleanup levels is derived from WDOE (1996).

The MTCA Cleanup Regulation provides three options for establishing
site-specific cleanup levels. Each of these options uses human health risk
as the main determinant in setting cleanup levels.

6.2.1.1 Model Toxics Control Act Method A

MTCA Method A defines cleanup levels for 25 of the most common
hazardous substances found at sites (the Method A Tables). These levels
were developed using acceptable risk levels outlined in the standards and
health-based concentrations that are included in other applicable State and
Federal laws. Method A is designed to be used for cleanups that are
relatively straightforward or involve only a few hazardous substances, all
of which must be listed on the Method A Tables. The Method A approach
is used mainly by small sites that do not warrant the costs of conducting
risk assessments and extensive site studies.

6.2.1.2 Model Toxics Control Act Method B

MTCA Method B Cleanup Levels are developed using a site risk
assessment that focuses on site characteristics, such as how hazardous
substances interact with each other, what the combined health effects may
be, and how the substances' movement on- and off-site could threaten
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human heath and the environment. Applicable State and Federal laws
must also be followed.

The lifetime excess cancer risk level for individual carcinogens cannot
exceed 1x10¢. If more than one type of hazardous substance is present,
the total excess cancer risk level at the site may not exceed 1x10°. Levels
for non-carcinogens cannot exceed the point at which a substance may
cause illness in humans. For individual hazardous substances, this point
is defined by a "hazard quotient” of 1; for multiple substances, the sum of
the individual hazard quotients (i.e., the "hazard index") cannot exceed 1.
Natural background concentrations and laboratory testing limitations of a
substance also can be considered when setting Method B Cleanup Levels.

Method B is the most common method used for setting cleanup levels
when sites are contaminated with substances not listed under Method A.

6.2.1.3 Model Toxics Control Act Method C

6.2.2

MTCA Method C is similar to Method B. The main difference is that the
lifetime excess cancer risk is set at 1x10-> for both individual carcinogenic
substances and for the total risk caused by all substances at a site. This
method may be used when cleanup levels under Method A or B are
technically impossible to achieve; are lower than area background
concentrations; or may potentially result in more harm to human health or
the environment than benefits. This method may also be applied to
qualifying industrial properties. Use of Method C requires proof to
WDOE that the cleanup levels will protect human health and the
environment.

Hazardous Waste Management Act

The Washington Hazardous Waste Management Act (70.105 Revised
Code of Washington) is the State equivalent of RCRA. The regulations
that implement the Hazardous Waste Management Act are known as the
Dangerous Waste Regulations, Chapter 173-303 WAC. Regulations
governing dangerous-waste management in the State of Washington
provide both action- and chemical-specific ARARs that may apply to IRP
activities at the Station.

6.2.2.1 Waste Identification

Waste materials generated at the site (e.g., soil cuttings, purge water,
decontamination water) are regulated as dangerous waste if they meet the
State definition provided in WAC 173-303.
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6.2.2.2 Waste Generation and Transport

RI activities or remedial alternatives involving the generation or transport
of dangerous waste trigger dangerous-waste generator requirements
provided in WAC 173-303. When dangerous waste is shipped off site in
regulated amounts, the applicable manifesting and transport procedures
must be followed.
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SECTION 7.0

CONTAMINANT FATE AND TRANSPORT

This section discusses factors that affect the environmental fate and
transport of COPCs at the Seattle ANGS that may pose a threat to human
health and/or the environment. Based on a review of COPC
concentrations, frequency of detections, inherent toxicity, and presence or
potential presence in exposure pathways, none of the COPCs identified at
the Station currently pose a significant risk. As discussed in Section 5.0,
the presence of TPH in soil in the vicinity of PA/SI boring BS-003BH was
not confirmed by the Phase II Rl sampling. Additionally, groundwater
monitoring conducted at the site since 1996 has yielded only seven VOC
detections that exceed MTCA Method A Cleanup Levels (PCE, detected in
background wells BS-004PZ and MW-1, and TCE, detected in wells MW-6
and MW-8).

Although VOCs have not been detected consistently above PSGs in
groundwater, TCE was detected at concentrations up to 83 ug/l (ie., 17
times the MTCA Method A Cleanup Level) in three screening-level
groundwater samples and three samples collected from monitoring wells
in the southern portion of the Station. In addition, TCE has been
consistently detected in groundwater monitoring wells at the Boeing site
immediately south of the Seattle ANGS, at concentrations up to 1,000 ug/1
(Boeing 1998). Consequently, the potential risks associated with the
dissolved TCE warrant further evaluation. Potential human health risks
associated with the TCE observed in groundwater at the Station are
discussed in Section 8.0.

Physical and Chemical Properties of Contaminants

The primary physical and chemical properties that affect fate and
transport of TCE in the environment are its Henry's Law Constant, water
solubility, and organic carbon/water partition coefficient. These
properties are described below, along with their relevance to contaminant
fate and transport; representative numerical values for TCE are
summarized on Table 7-1.
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TABLE 7-1

Physical and Chemical Factors for Trichloroethene
143rd CCSQ, Seattle ANGS, Seattle, Washington

Henry's Law Constant (atm-m’ / mol) 0.0091
Water Solubility (mg/1) 1,100
Organic Carbon/Water Partition 126

Coefficient (Koc) (ml/g)

atm-m® /mol = Atmospheres-cubic meters per mole
mg/1 = Milligrams per liter
ml/g = Milliliters per gram

7-2

KCSlip4 41361

SEA407891



FINAL

The Henry's Law Constant (H) provides a measure of the tendency of a
constituent to volatilize or partition from the aqueous or water phase
to the vapor phase. Organic compounds having H values greater than
10° atmospheres-cubic meters per mole (atm-m’/mol) tend to
volatilize from water. Although organic compounds having H values
less than 107 atm-m® /mol may volatilize from water, other processes
such as adsorption to soil are more likely to influence transport. TCE

has an H value of 9.1x10 atm-m> /mol; consequently, volatilization
plays an important role in the fate and transport of TCE.

Water solubility is an important property affecting compound
migration in soil and groundwater. It is expressed in terms of the
number of milligrams of a compound that can be dissolved in 1 liter of
water under standard conditions of 25 °C and 1 atmosphere pressure.
The higher the solubility, the greater the tendency for a compound to
dissolve in water and hence be transported through soil and
groundwater. The solubility of TCE is 1,100 milligrams per liter
(mg/1), which is considered high. For comparison, the solubility of
pure benzene, a highly soluble component of petroleum fuels, is
1,780 mg/1.

The organic carbon/water partition coefficient (Koc) provides a
measure of the affinity of a dissolved compound to sorb to organic
carbon in soil. Laboratory studies have shown that organic forms of
carbon present in soil or aquifer material provide adsorption sites for
organic and inorganic contaminants. When a contaminant adsorbs to
organic carbon, its movement through soil or groundwater is slowed,
or “retarded,” because less of the total contaminant mass is available in
the dissolved (mobile) fraction. The higher the Koc, the more likely the
compound is to adsorb to organic carbon. The Koc for TCE is
126 ml/g. For comparison, Koc values for other common organic
contaminants range from 1 ml/g for miscible compounds with very
high mobility (e.g., 1,4-dioxane, tetrahydrofuran) to more than
250,000 ml/g for immiscible compounds that are effectively immobile
(e.g., benzo[a]pyrene, PCB-1260, chrysene) (Fetter 1988). Within this
context, the mobility of dissolved TCE is considered to be moderate to
high.
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Potential Routes of Migration

7.3

The primary route of migration for the dissolved TCE detected at the
Seattle ANGS is transport in groundwater. No hydraulic connection
between groundwater at the Seattle ANGS and surface water bodies has
been established.

The fate and transport of TCE in groundwater is controlled by its
relatively high solubility and volatility, its relatively low tendency to
adsorb to organic carbon-containing particulate matter in saturated soils,
the rates of biodegradation and biokinetic decay, and the solubility-based
diffusive dilution of the compound in the saturated zone.

Contaminant Persistence

731

The persistence of VOCs in the subsurface will vary depending on the
chemical composition of the compounds and how the compounds interact
with the chemical, physical, and biological properties of the
soil/ groundwater system. Different compounds will dissolve at different
rates and in varying amounts in groundwater, sorb more or less strongly
to soils, volatilize to varying degrees, and undergo various mechanisms of
release and attenuation. Some compounds may also be more susceptible
to degradation by chemical or biological action than others. Accordingly,
the relative concentration of VOCs will vary with time and distance from
the source area.

An important factor controlling the environmental persistence of
polychlorinated hydrocarbons such as TCE is the tendency of the original
chlorinated compound (parent product) to degrade to lesser molecular
weight compounds (daughter products) under appropriate conditions.
For example, under reducing conditions, TCE can biodegrade to
dichloroethene (DCE), vinyl chloride, and ethene. Processes that can
cause degradation and attenuation of TCE in the environment are
discussed further below.

Aerobic Processes

Aerobic biodegradation is a biological process in which bacteria utilize
oxygen molecules in a water/soil system to degrade organic compounds.
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In the aerobic biodegradation process, the bacteria derive energy from the
breakdown reaction and utilize the organic compound as a source of
carbon. The aerobic process typically involves the addition of oxygen and
the removal of hydrogen from the organic compound, such that the
compound is oxidized.

The results of early laboratory studies indicated that aerobic degradation
of chlorinated hydrocarbons does not occur. More recent studies,
however, indicate that aerobic degradation of some chlorinated
hydrocarbons (e.g., vinyl chloride) can occur, particularly when the
degrading bacteria are stimulated by the addition of methane and oxygen.
Nonetheless, aerobic biodegradation of polychlorinated hydrocarbons
such as TCE is generally not believed to occur under natural conditions.

Anaerobic Processes

Anaerobic processes are those in which organic compounds are degraded
by bacteria in the absence of oxygen. Instead of free oxygen, the anaerobic
bacteria utilize inorganic oxygen-bearing compounds such as nitrates,
sulfates, and carbon dioxide to degrade organic compounds. Studies have
shown that under methanogenic conditions, bacteria can utilize sulfate to
facilitate degradation of polychlorinated hydrocarbons such as PCE and
TCE via reductive dechlorination.

In the reductive dechlorination process, chlorine atoms are sequentially
removed from chlorinated hydrocarbon compounds through anaerobic
bacterial action. In this way, a chlorine atom can be removed from TCE
resulting in transformation to one or more DCE isomers. Continued
reductive dechlorination transforms DCE to vinyl chloride. The
dechlorination process ends with the transformation of vinyl chloride to
ethene. DCE and vinyl chloride are referred to as intermediary chemical
components in the reductive dechlorination process.  Anaerobic
biodegradation of chlorinated hydrocarbons was discovered when
aquifers were found contaminated with intermediary chemical
components that had not historically been used at the overlying sites.

Studies have shown that during anaerobic biodegradation, the relative
ratios of intermediary chemical components such as DCE and vinyl
chloride are dependent upon the level of methanogenic activity in the
water/soil system. Under typical environmental conditions, DCE will be
more prevalent than vinyl chloride. When methanogenic activity is very
high, however, vinyl chloride will be the predominant intermediary
chemical component. Laboratory studies have also shown that 1,1-DCE,
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trans-1,2-DCE, and cis-1,2-DCE are formed in varying amounts during
anaerobic biodegradation of TCE. It has been suggested that pH plays a
role in the specific DCE isomers formed from the reductive dechlorination

of TCE.

In summary, while it is known that chlorinated hydrocarbons will
biodegrade through anaerobic processes, the specific conditions required
to initiate and maintain those processes are not well understood. The
presence of only low concentrations of a chlorinated compound in a
water/soil system may not be adequate to stimulate the bacterial growth
needed to initiate the anaerobic process. In addition, certain oxygen
sources may be required by the degrading bacteria in order to break down
specific compounds. For example, there is conflicting research regarding
the degradability of TCE under denitrifying conditions. Finally, the
conditions that affect the rate and extent to which anaerobic
biodegradation can occur in the environment are not completely
quantified. It has been suggested that favorable conditions for chlorinated
hydrocarbon degradation include a dissolved oxygen content of less than
0.5 mg/! in groundwater and a redox potential of less than -100 millivolts
(USEPA 1998).

Abiotic Processes

7.4

Abiotic processes include strictly chemical and photochemical reactions,
and physical processes such as leaching and volatilization. Abiotic
processes can play an important role in the degradation and attenuation of
organic compounds in the subsurface. Volatilization is probably the most
important abiotic process affecting persistence of TCE in the environment,
due to the compound’s relatively high volatility. In addition, abiotic
reductive dechlorination of TCE to form DCE has been shown to be
possible. However, reductive dechlorination is typically a biological
process, and it is not considered to occur abiotically to any significant
extent in the environment.

Contaminant Migration

Transport mechanisms for TCE in groundwater include advection
(transport via groundwater flow) and diffusion. The presence of TCE in
groundwater is controlled by its solubility, which in turn determines the
amount of dissolved TCE available for transport. The solubility of TCE is
relatively high (1,100 mg/l) and its affinity for soils is relatively low.
Consequently, dissolved TCE is considered to be moderately to highly
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mobile in groundwater. In general, the rate of TCE transport via
advection depends on the rate of groundwater flow at a site, whereas
transport via diffusion is controlled primarily by the TCE concentration
gradients in groundwater. Diffusion is also dependent on hydraulic
gradients; as hydraulic gradient magnitudes decrease, the relative
importance of diffusional transport increases.
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SECTION 8.0

BASELINE RISK ASSESSMENT

The State of Washington has developed human health risk assessment
procedures for use in establishing site-specific cleanup levels for sites
impacted by hazardous substances (WAC 173-340-708). These procedures
were used to evaluate the potential human health risks associated with the
TCE detected in groundwater at the Seattle ANGS. TCE was detected at
concentrations up to 83 ug/l in six groundwater samples collected in the
southern portion of the Station. Additionally, TCE concentrations up to
1,000 ug/1 have been consistently detected in groundwater monitoring
wells at the Boeing site immediately south of the Station.

This section describes the purpose, methods, and results of the baseline
risk assessment conducted for TCE in groundwater at the Seattle ANGS.
Since groundwater monitoring at the Station has not detected consistent
TCE concentrations above the MTCA Method A Cleanup Level, the
baseline risk assessment is presented for information only, and is not
intended to be used for decision-making purposes.

Purpose of the Baseline Risk Assessment

A baseline risk assessment provides an evaluation of the potential threat
to human health posed by contaminants of concern at a site in the absence
of any remedial action. If ecological receptors exist, the baseline risk
assessment may include an evaluation of potential ecological risks. The
baseline risk assessment provides the basis for determining whether or
not remedial action is necessary and the justification for performing the
remedial action.

The objective of the screening-level baseline risk assessment conducted for
the Seattle ANGS was to provide an estimate of the potential health risks
associated with exposure to the observed concentrations of TCE in
groundwater. The risk assessment was performed using data generated
during the RI. As no ecological receptors were identified during the RI,
only human health risks were quantified.
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Contaminants of Potential Concern

8.3

TCE in groundwater is the only COPC at the Seattle ANGS considered to
pose a potential threat to human health. TCE was detected at
concentrations up to 83 pug/l in six groundwater samples collected during
the RI, including three screening-level (direct-push) samples and three
samples collected from groundwater monitoring wells.

Human Health Risk Assessment

8.3.1

An assessment of the potential human health risks associated with the
observed TCE concentrations in groundwater at the Station was
performed according to the exposure and risk characterization procedures
and specifications used to derive site-specific MTCA Method B Cleanup
Levels (WAC 173-340-720[3]). The health risk assessment consisted of a
toxicity assessment, an exposure assessment, and characterization of risks.
These components are described separately below.

Toxicity Assessment

The toxicity assessment consists of collecting available data regarding the
potential for COPCs to cause adverse effects in exposed individuals.
These toxicity data are used in conjunction with exposure assumptions
derived from the exposure assessment to characterize the associated
potential human health risks. The toxicity assessment for the Seattle
ANGS relied on existing data published in scientific literature and did not
involve the development of new data on toxicity or dose-response
relationships. The WDOE publishes an annual update of toxicological
data for use in calculating cleanup levels under MTCA. The most recently
available update from WDOE and the USEPA Integrated Risk Information
System (IRIS) database were used in performing the toxicity assessment
for the Seattle ANGS.

Published toxicity factors used in the assessment of human health risks
include:

* USEPA Reference Doses (RfDs). Oral and inhalation RfDs are
USEPA toxicity values for evaluating non-carcinogenic health effects
associated with individual compounds. RfDs are used in conjunction
with exposure assumptions derived from the exposure assessment to
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characterize potential non-carcinogenic health risks. RfDs are
expressed in units of mg/kg-day.

* Carcinogenic Potency Factors (CPFs). Oral and inhalation CPFs are
USEPA values that characterize the carcinogenic potency of a
compound. CPFs are used in conjunction with exposure assumptions
to quantify potential carcinogenic health risks. CPFs are expressed in
units of kg-day/mg or (mg/kg/day)’l, denoting a numerical risk per
milligram of compound per kilogram of body weight per day of
exposure.

Since TCE is a carcinogen, the potential cancer risks associated with
exposure to TCE were evaluated in the baseline risk assessment. The CPF
for oral exposure to TCE (i.e., drinking water ingestion) is 0.011

kg-day/mg.

Exposure Assessment

This section presents the method used to assess potential human
exposures to the TCE in groundwater at the Seattle ANGS. The method
that was used is based on the MTCA approach for developing site-specific
Method B Cleanup Levels for groundwater (WAC 173-340-720[3]). The
MTCA approach considers drinking water to be the highest potential
beneficial use of groundwater expected to occur under both current and
future site-use conditions. The reasonable maximum exposure to
hazardous substances is assumed to occur through ingestion of drinking
water and inhalation of volatile substances during showering and other
domestic water uses. The MTCA approach is thus conservative from the
standpoint of estimating exposures for the evaluation of human health
risks.

The estimated carcinogenic exposure dose for TCE was calculated as
follows:

Exposure Dose = Concentration (mg/1) x INH x Ingestion rate (1/day) x Exposure duration
Avg. body wt. (kg) x Lifetime duration

Exposure dose is expressed in units of mg/kg-day. INH is the inhalation
correction factor, which is equal to 2 for volatile organic hazardous
substances such as TCE (WAC 173-340-720[7]). In accordance with MTCA
requirements (WAC 173-340-720[3}{a]{ii]{B]), the drinking water ingestion
rate was assumed to be 2 liters per day, the average body weight was
assumed to be 70 kg, the exposure duration was assumed to be 30 years,
and the lifetime duration was assumed to be 75 years. The TCE
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concentration used in calculating exposure dose was the maximum
concentration detected during the RI (O 083 mg/l, in monitoring well
MW-8 in February 1999).

Using the above equation and assumptions, the calculated carcinogenic
exposure dose for TCE is 1.90x10> mg/kg-day. This calculated exposure
dose was used in conjunction with the CPF described in Section 8.3.1 to
estimate the numeric cancer risk associated with ingesting groundwater
containing TCE at the maximum concentration observed in groundwater
monitoring wells at the Station.

Risk Characterization

8.4

Cancer risk is expressed as the incremental probability of a person
contracting cancer over a lifetime as a result of exposure to a known or
suspected carcinogen. "Incremental" refers to the fact that the cancer risk
is in excess of the person's normal risk without this exposure. The
estimated excess cancer risk is calculated by multiplying the exposure
dose by the CPF:

Excess Cancer Risk = Exposure Dose x CPF

The USEPA has an excess cancer risk goal range of 1x10¢ to 1x10-
(USEPA 1989), where an excess cancer risk of 1x10% is equivalent to one
excess incidence of cancer in 1,000,000 people and an excess risk of 1x10%
indicates a risk of one in 10,000. The WDOE upper bound on the
acceptable excess cancer risk for individual hazardous substances is

1x10% (WAC 173-340-705[2] [c]ii]).

Using the above equation, the estimated excess cancer risk associated with
the maximum TCE concentration detected in groundwater monitoring
wells at the Seattle ANGS is 2.09x10°. This value exceeds the WDOE

acceptable cancer risk level of 1x10.

Uncertainty Analysis

The results of the quantitative human health risk assessment presented in
Section 8.3.3 contain various degrees of uncertainty that reflect
uncertainties in the underlying assumptions of the risk assessment. These
uncertainties include:

¢ Uncertainty in the laboratory analytical results;
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* Uncertainty in the toxicological bases of published toxicity factors
(reference dose and carcinogenic potency factor);

e Uncertainty in the exposure assumptions and exposure factor values
used in the risk calculations; and

* The cumulative uncertainty in calculated risks resulting from the
mathematical manipulation of the above factors.

With the exception of laboratory analytical results, the factors listed above
are conservative in nature and typically lead to overestimates of risk.
Laboratory analytical results contain uncertainties inherent in various
stages of the analytical process. For example, USEPA analytical QA/QC
guidelines allow a £20 percent errcr in the calibration for metals. If the
sample matrix produces interferences (a common occurrence in
environmental samples), a 25 percent or greater underestimate or
overestimate of the true analyte concentration could occur. The net result
of these analytical uncertainties is that analyte concentrations reported by
laboratories may contain positive or negative biases of this magnitude.

Unlike the uncertainty in analytical results, the uncertainty associated
with toxicological data is usually conservative in nature because the RfDs
and CPFs are developed by the USEPA with the intent that even sensitive
members of the population will be sufficiently protected. For example, an
examination of the USEPA's IRIS database shows that the safety factors
used in computing RfDs range from 10 to 10,000.

The CPFs used in risk assessment represent the 95 percent UCL value
derived from available published data. This means that actual risks are
unlikely to be higher than the potential risks estimated in the baseline risk
assessment, but they may be considerably lower. Use of the 95 percent
UCL CPF value is consistent with the USEPA and WDOE approach of
using reasonable maximum exposure scenarios in estimating risk.
Reasonable maximum exposure is defined as the highest exposure that
can reasonably be expected to occur at a site. Risk evaluations based on
reasonable maximum exposure scenarios are intended to be conservative
by characterizing the risks to a maximally exposed receptor. This
approach is thus inherently conservative and tends to overestimate risk.

The estimation of cancer risks in the baseline risk assessment followed
USEPA and WDOE guidelines. These guidelines rely on the use of
"default exposure factors" for estimating risks associated with reasonable
maximum exposures. As with toxicological data, default exposure factors
are used to ensure that potential receptors are adequately protected. The
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default exposure factors are conservative by design, and thus, contribute
to the conservative nature of the baseline risk assessment.
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SECTION 9.0

CONCLUSIONS

Soil, soil vapor, and groundwater samples were collected at the Seattle
ANGS to characterize potential environmental contamination related to
historical operations at the Station. COPCs detected above Washington
State MTCA Method A Cleanup Levels include benzene, PCE, and TCE in
groundwater:

* Benzene was detected at a concentration of 7.6 ug/1 in one screening-
level groundwater sample collected in the southern portion of the
Station.

e PCE was detected at concentrations of 5.1 to 17 g/l in four
groundwater samples collected from background monitoring wells
along the northern Station boundary.

e TCE was detected at concentrations of 57 to 83 png/l in six
groundwater samples collected in the southern portion of the Station
(three screening-level samples and three samples from monitoring
wells). Prior to the detection of 83 ug/1 in February 1999, TCE had not
been detected above the MTCA Method A Cleanup Level in any on-
site monitoring wells.

Despite extensive sampling of soil and groundwater during the RI, an on-
site source of the VOCs detected in groundwater has not been identified.
TCE has been consistently detected in shallow groundwater monitoring
wells at the Boeing site immediately south of the Station, at concentrations
up to 1,000 pg/1 (Boeing 1998). Although the Boeing site is hydraulically
downgradient of the Seattle ANGS, dissolved contaminants at the Boeing
site may have migrated beneath the Seattle ANGS via diffusion (i.e.,
concentration-driven dispersion) or some other mechanism. This could at
least partially explain the distribution of relatively low VOC
concentrations observed in groundwater in the southern portion of the
Station.

A screening-level baseline risk assessment was performed to estimate the
potential human health risks associated with exposure to the observed
concentrations of TCE in groundwater at the Station. The health risks
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were evaluated using the highest TCE concentration detected during the
RI groundwater monitoring program (83 ug/1). The reasonable maximum
exposure scenario used in the baseline risk assessment was the use of site
groundwater for drinking water and other domestic purposes. The
estimated excess cancer risk associated with ingestion and inhalation
exposures to TCE under this scenario is 2.09x10->. This value exceeds the
WDOE acceptable cancer risk level of 1x10-6.
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SECTION 10.0

RECOMMENDATIONS

Continued quarterly groundwater monitoring for 1 year is recommended
to assess trends in VOC concentrations and to evaluate compliance with
MTCA. Site-specific remedial action objectives and potential remedial
alternatives for groundwater are discussed in the Phase II Feasibility
Study Report (ERM 1999).
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Technical Memorandum

Rob Leet, Don Wyll, Scott Miyamoto

To:

From: Mike Arnold

Subject: Phase II Remedial Investigation Field Memorandum
July - September 1998 Field Work
Seattle ANGS, Seattle, Washington

Date: 27 July 1998

This document outlines the details of soil vapor, soil, and groundwater
sampling to be completed during the Phase II Remedial Investigation (RI) at
the Seattle Air National Guard Station (ANGS) located in Seattle, Washington
in July through September 1998. Soil vapor samples will be collected from 40
vapor probes, soil and groundwater samples will be collected from 20
geoprobe locations, 5 monitoring wells will be installed and developed, and
13 groundwater samples will be collected from the new and existing wells at
the site. The locations of the proposed soil vapor probes, Geoprobe sites, and
proposed and existing monitoring wells are shown on Figures 6-1 and 6-2 in
the Work Plan.

Phase II RI field activities will be performed in the northwest and southern
portions of the Seattle ANGS. Table 6-1 on page 6-2 in the Work Plan outlines
the number and type of samples to be collected, and the number of soil vapor
probes, Geoprobe sites, and monitoring wells to be completed at the Seattle
ANGS during the Phase II RI.

Health and Safety Requirements

All site personnel are to be familiar with and must follow the Sitewide Safety
and Health Plan, which is included in the Work Plan as Appendix A. This
includes using the correct levels of personal protective equipment (PPE). The
Site Safety Officer (Site Manager) will ensure that all personnel present
durinig {ictdwork (il out the daily taiigate forms.
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Soil Vapor Sampling

Soil vapor samples will be collected from 40 locations at the Seattle ANGS as
shown on Figure 6-1 of the Work Plan. Soil vapor sampling information
recorded during this investigation will be included in a bound field notebook.
Once equipment decontamination procedures have been completed, soil
vapor samples will be collected by pushing a stainless steel probe into the soil
using a Geoprobe-type sampling system to a target depth of 5 feet below
ground surface (bgs). A screen at the tip of the probe will be exposed by
retracting the probe rod a few inches. A vacuum pump will be used to purge
at least five volumes of air from the probe rods. The soil vapor samples will
be collected in evacuated volatile organics analysis (VOA) vials, stainless steel
canisters, or Tedlar™ sample bags. Soil vapor samples will be analyzed in an
on-site mobile laboratory for volatile organic compounds (VOCs) by USEPA
Method 8010/8020.

Geoprobe Soil Sample Collection

Soil samples will be collected from 20 Geoprobe sites (GP-23 through GP-42)
at the Seattle ANGS during the Phase II RI. The sampling locations are
shown on Figure 6-2 of the Work Plan. Borehole logging/sampling forms to
be used during this investigation will be included in a bound field notebook.
Soil borings will be completed using the direct push drilling method. Once
equipment decontamination procedures have been completed, undisturbed
soil samples will be collected by pushing a stainless steel split-spoon drive
sampler lined with stainless steel sleeves into the soil using a Geoprobe-type
sampling system to a target depth of 6 to 9 feet bgs (i.e., just above the water
table).

The lower-most or least disturbed split-spoon sleeve collected from directly
above the water table in each borehole will be immediately sealed upon
collection using a Teflon barrier, aluminum foil (shiny side up), and plastic
end caps. This sample will be labeled and designated for analysis at an off-
site laboratory. An additional sample sleeve may be similarly prepared for
quality assurance/quality control (QA/QC) sample requirements. One or
more of the remaining split-spoon sleeves from each drive sample interval
will be field-screened using a photoionization detector (PID).

The soil samples will be analyzed for VOCs by USEPA Method 8260.
Additionally, the soil samples collected from directly above the water table in
borings GP-23, GP-24, and GP-25 will also be analyzed for hydrocarbon
identification by Washington Department of Ecology (WDOE) Method
WTPH-HCID.
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A portion of each drive sample, if enough sample is recovered, will be field-
screened for organic vapors using a PID. The field screening will consist of
placing a portion of the sample in a sealable plastic bag or glass sample jar
covered with aluminum foil, gently agitating the bag or jar for approximately
30 seconds, and allowing the sample temperature to equilibrate to ambient
conditions (out of sunlight) for approximately 15 minutes. After this time, the
PID probe will be pushed through the side of the bag or through the
aluminum foil into the bag or jar headspace, and the concentration of organic
vapors in the headspace will be recorded on the drilling log.

The following figure shows the sampling scheme for the drive sampler. From
each drive sample, the lower-most sleeve will be for laboratory analysis, and
it applicable, the second sleeve will be submitted for field duplicate or
laboratory matrix spike/matrix spike duplicate (MS/MSD) analysis. The
second (or third) sleeve from the bottom will be used for field screening with
a PID. The remaining sleeves will be used for lithology evaluation.

Drive Sampler Sampling Scheme

Duplicate or MS/MSD Sample Collected No Duplicate or MS/MSD Sample Collected
Lithology
Lithology
PID & Lithology
Lithology
Field PID &
Duplicate or Lithology
MS/MSD
Laboratory Laboratory

Samples designated for laboratory analysis will be labeled, placed in
individual sealed plastic bags, and stored on ice. Sample label information
will be written directly on the sample sleeve with a permanent marker.
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HydroPunch Groundwater Sample Collection

Groundwater samples will be collected from each of the 20 Geoprobe sites at
the Seattle ANGS using the HydroPunch or equivalent method. One
groundwater sample will be collected from each site from a depth of
approximately 2.5 feet below the water table. The groundwater samples will
be collected using a peristaltic pump and disposable polyethylene tubing.
The groundwater samples will be analyzed for VOCs by USE'A Method
8010/8020 in an on-site mobile field laboratory.

Monitoring Well Installation

Five groundwater monitoring wells (MW-6 through MW-10) will be installed
at the Seattle ANGS in August 1998 using hollow-stem auger methods in
compliance with Washington State regulations and WDOE guidance. The
proposed monitoring well locations are shown on Figure 6-2 of the Work
Plan. Monitoring wells will be completed to a target depth of 20 feet bgs with
screened interval between 5 feet and 20 feet bgs. Note that at least 1 foot of
filter pack sand must be present beneath the well point at each well location.
Monitoring well construction details are summarized in Section 7.0 of the
Work Plan; the proposed monitoring well construction is shown on Figure
7-1. Well casing materials will be decontaminated prior to installation, unless
they are removed from sealed plastic wrapping immediately prior to
installation. A performance test will be conducted after the well is completed
to ensure the well is straight and has not collapsed.

Soil samples will be collected at 5-foot intervals during drilling, for lithologic
logging and field-screening using a PID. The lower-most sample sleeve
containing unsaturated soil from the sample collected at 5 feet bgs will be
analyzed for VOCs by USEPA Method 8260 at the off-site laboratory.

Monitoring Well Development

Within 24 to 48 hours after completion, the monitoring wells will be
developed by the drilling subcontractor or ERM using a properly
decontaminated submersible pump or a bailer. The water level in the well
will be measured before development begins. Temperature, conductivity,
turbidity, and pH will be monitored and recorded while a minimum of 10
well casing volumes plus three times the amount of any potable water added
are purged from the well. Well development will continue until temperature,
pH, turbidity, and conductivity have stabilized.
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Monitoring Well Groundwater Sampling

In September 1998, groundwater samples will be collected from the 8 existing
and 5 new monitoring wells at the Seattle ANGS. The locations of the
monitoring wells are shown on Figure 6-2 of the Work Plan. The water level
in each well will be measured prior to beginning sampling activities.
Monitoring wells will be purged and sampled using a nondedicated
submersible pump. Low-flow purging procedures (pumping rate of less than
1 liter per minute) will be used at all wells. Prior to sample collection,
monitoring well purging will continue until at least three well casing volumes
have been evacuated or the groundwater temperature, pH, specific
conductivity, and turbidity have stabilized to within +10 percent, unless the
monitoring well purges dry and does not recover readily. If the monitoring
well purges dry, the well will be purged completely once and allowed to
recover over a period of not more than 18 hours prior to sampling.
Groundwater samples will be collected directly from the pump discharge
tubing and analyzed for VOCs by USEPA Method 8260 as listed on Table 6-2
of the Work Plan.

Sampling Schedule

The current schedule for field sampling activities during the July through
September 1998 mobilizations of the Seattle ANGS Phase 1I Rl is as follows:

23-27 July 1998: ERM personnel meet with site personnel, mark
sampling locations, and complete utility clearance on
site;

28-30 July 1998: Complete soil vapor survey;

11-13 August 1998:  Complete Geoprobe/HydroPunch sampling;

27-28 August 1998:  Complete  monitoring  well  installation and
development;

1-3 September 1998: Sample monitoring wells, meet surveyor on site to
develop Phase II RI soil boring location data.

This schedule may be altered due to Station operations and/ or sampling rate.
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Soil Vapor Sample Identifiers

Sample identifiers for primary soil vapor samples will be the same as the soil
vapor probe number. For example, “SVS-17” represents the soil vapor
sample collected from vapor probe SVS-17.

Soil Sample Identifiers

Sample identifiers for primary soil samples will include the soil boring or
monitoring well number and sample depth; the sample depth will be
designated as the deepest depth penetrated by the split-spoon sampler. For
example, “GP-24-7"“represents the sample collected at 7 feet bgs in Geoprobe
boring GP-24.

Groundwater Sample Identifiers

Sample identifiers for primary Geoprobe/HydroPunch groundwater samples
will be the same as the Geoprobe boring number. For example, the
groundwater sample collected from Geoprobe boring GP-31 will be
designated “GP-31.”

Sample identifiers for primary groundwater samples collected from
monitoring wells will include the monitoring well identifier, the calendar
year, and the sequential sampling event within that year. For example,
“MW1-98-1" represents a groundwater sample collected from monitoring
well MW-1 during the first sampling event of 1998. The September 1998
quarterly sampling event will be the first groundwater sampling event in
1998.

Analytical Parameters

Soil vapor, soil, and groundwater samples collected during the Seattle ANGS
Phase 11 RI field activities will be analyzed for the parameters listed on Table
6-2 of the Work Plan.

Soil vapor and Geoprobe/HydroPunch groundwater samples collected
during the Phase II RI will be analyzed in an on-site mobile field laboratory
operated by Transglobal Environmental Geosciences Northwest, Inc.

All soil and monitoring-well groundwater sample analyses will be performed
by MultiChem Analytical Services (MAS). Samples will be hand delivered to
MAS at the following address:
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MAS
ATTN: Sample Receiving
560 Naches Avenue Southwest, Suite 101
Renton, Washington 98055-2200
Phone: (425) 228-8335
Fax: (425) 363-1742

A Level IV CLP-type data package will be requested from MAS for selected
soil samples collected during one day or for a group of samples listed on one
Chain-of-Custody form. The particular set of samples designated for Level IV
documentation will be selected in the field. The sample group selected for
Level IV documentation must contain an MS/MSD-designated sample for
each matrix and requested analysis. Level IV documentation is required for
approximately 10 percent of the soil analyses (i.e., approximately two 8260
analyses and one WTPH-HCID analysis). All monitoring-well groundwater
sample analyses (100 percent) will require Level IV documentation.

Quality Assurance/Quality Control (QA/QC) Samples

The following QA/QC samples will be collected during RI activities at the
site: trip blanks, field duplicates, equipment rinsate blanks, field blanks, and
MS/MSD samples. One trip blank will be submitted with each cooler
containing samples for VOC analysis at the off-site laboratory; the trip blanks
will be analyzed for VOCs using USEPA Method 8260. Field blanks,
equipment rinsate blanks, and duplicates will be analyzed for the same
parameters as the primary samples.

Duplicate Samples. Field duplicates will be collected at a frequency of 10
percent of the total number of primary samples. Sample identifiers for field
duplicates are the same as the primary sample but followed by a “D.” The
collection times recorded for the field duplicates should be the same as the
associated primary samples.

Duplicate soil vapor samples will be collected from the following soil vapor
probes:

* SVS-5, 8VS-15, SVS-25, SVS-35
Duplicate soil samples will be collected from the following Geoprobe borings:
* GP-24, GP-36

Duplicate groundwater samples will be collected from the following
locations:

* HydroPunch: GP-26, GP-36

Seattle ANGS Phase II R July 1998 Field Memo Page 7

KCSlip4 41385

SEA407915



* Monitoring Well: MW-3

Equipment Rinsate Blanks. Equipment rinsate blanks will be analyzed at a
frequency of 10 percent of the number of primary samples. The equipment
rinsate blanks will be collected from the final ASTM Type Il water rinse of the
sampling equipment after decontamination. Sample identifiers for rinsate
blanks will be the same as the sample identifier used for the sample collected
before the blank was prepared, followed by an “R.”

Equipment rinsate blanks for soil vapor samples will be collected at the
following locations:

¢ SVS-5, 5V5-15, SVS-25, SVS-35

Equipment rinsate blanks for soil samples will be collected at the following
locations:

s GP-24, GP-36
*» MW-6

Equipment rinsate blanks for groundwater samples will be collected at the
following locations:

* HydroPunch: GP-26, GP-36
¢ Monitoring Well: MW-3

Field Blanks. Field blanks will be collected at the frequency of one per water
source (i.e, tap water, ASTM Type Il water) per sampling event. Sample
identifiers for tield blanks will be the identifier used for the sampling location
at which the blank was prepared, followed by an “FT” (for tap water) or “FA”
(for ASTM Type Il water).

Field blanks for soil vapor samples will be collected at the following location:
e SVS-15

Field blanks for Geoprobe/HydroPunch soil and groundwater samples will
be collected at the following location:

* GP-24

Field blanks for monitoring-well groundwater samples will be collected at the
following location:

* Monitoring Well: BS-004PZ
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MS/MSD. One MS/MSD will be designated for every 20 soil and every 20
groundwater samples. No standardized method for developing soil vapor
sample MS/MSDs is available. MS/MSDs will be designated to be
performed on a soil sample from the following Geoprobe soil boring:

« GP-24

MS/MSDs will be designated to be performed on the following groundwater
samples:

* HydroPunch: GP-35
*  Monitoring Well: BS-004PZ

Extra sample volumes need to be collected for MS/MSD analyses for each
type of analysis performed. VOC analysis typically requires triple sample
volume, while other analyses require double volume. Confirm required
MS/MSD sample volumes with the laboratory prior to sample collection.
MS/MSD-designated samples should be indicated on the Chain-of-Custody
form. At least one MS/MSD sample is required for each matrix in each
sample batch designated for Level IV CLP-type laboratory data reporting,

Trip Blanks. Trip blanks will be collected at the frequency of one per cooler
containing samples designated for VOC analysis at the off-site laboratory.
Sample identifiers for trip blanks are as follows: TB(date)-#. For example
“TB081198-1" and “TB081198-2" represent the trip blanks submitted with the
first and second coolers, respectively, containing samples collected on 11
August 1998.

Decontamination

All sampling equipment will be decontaminated prior to sampling, between
samples, and after sampling activities have been completed.
Decontamination will include scrubbing sampling equipment with a
laboratory-grade detergent (e.g., Liqui-Nox or Alconox) and potable water
mixture, followed by a rinse with ASTM Type II reagent water, and a final
methanol spray rinse. All equipment will be allowed to air dry, if possible,
and either wrapped in aluminum foil or positioned to preclude inadvertent
contamination prior to reuse.

The drilling rigs, augers, and downhole rods will be decontaminated after use
by steam cleaning,.

Used decontamination water will be contained in 55-gallon drums.
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Site Survey
In preparation for the site survey, each Geoprobe/HydroPunch boring
location completed in paved areas will be clearly marked and labeled with
paint. Boring locations in unpaved areas will be clearly marked with labeled
wooden stakes and flagging. Boring locations in unpaved areas will also be
measured from nearby features as necessary to aid in locating the borehole
for surveying should the stake be removed.

Landmark, Inc. (425-340-1100) will complete a survey of the
Geoprobe/HydroPunch boring locations and new monitoring wells at the
Seattle ANGS on a date to be arranged. Horizontal and vertical coordinates
for the Phase II Rl boring and monitoring well locations will be surveyed.
Landmark should be contacted as soon as possible following any change in
schedule that may affect the scheduled surveying date.

Work Plan Sampling Summary

The Phase II RI sampling program is summarized in Section 6.0 of the Work
Plan. Note that soil sampling during monitoring well installation was added
to the scope of work after the Final Work Plan was submitted; therefore, this
element of the sampling program is not discussed in Section 6.0.

Deviations /Clarifications from the Work Plan

The collection of scil samples at 5-foot intervals during monitoring well
installation and the submittal of one soil sample from each monitoring well
boring (and one equipment rinsate sample) for VOC analysis are not included
in the scope of work outlined in the Work Plan. No other deviations from the
Work Plan are anticipated during this field effort.

Daily Reporting

A summary of each day's field activities, including copies of borehole logs,
Chain-of-Custody forms, etc., will be prepared by the ERM Site Manager and
will be delivered to the ERM Project Manager by 8 am the following day.

Required Equipment and Materials

Equipment and materials to be transported to the site by the Site Manager or
their designates:
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* Copy of Work Plan

* Copy of Site Health & Safety Plan

* Stainless steel soil sample sleeves 2" diameter x 6" (drillers will supply)

* Teflon film, perforated 4" square sheets

* Plastic end caps for soil sample sleeves (drillers will supply)

* Photoionization detector (PID) with calibration gas

* Coolers

* Methanol

* ASTM Type Il reagent water system

* Alconox or Liqui-Nox

¢ Aluminum foil

* Borehole logging/sampling record notebook

¢ (Calibration forms

* Chain-of-Custody forms

* Sample labels

¢ Drum labels

* Sitewide Safety and Health Plan with fit letters and training certificates

e Submersible pump, hose, and controllers

* Back-up submersible pump and disposable tubing

¢ Peristaltic pump and disposable tubing

« Horiba, Minisonde, or equivalent water quality meter with in-line flow
cell and calibration standards

¢ (Camera and film

* 5 Waterproof, bound field notebooks

*  Water level indicator

* pH paper

* Decontamination buckets and brushes

* Spray bottles & tank

* Roll of plastic sheeting

* Nitrile gloves (10 boxes)

¢ Tool kit

* Sample bottles

* Paper towels

» Ziploc bags

* lce

* Stainless steel scoop/trowel

» Disposable bailers (10)

* Measuring wheel or tape (50'-100")

* Weather proof pens

* 1box Tyvek coveralls

» First aid kit

* Eye wash kit

* Fire extinguisher

Seattle ANGS Phase I1 RI July 1998 Field Memo Page 11
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Technical Memorandum

To: Rob Leet, Scott Miyamoto

From: Don Wyll

Subject: Phase II Remedial Investigation Field Memorandum
November 1998 Groundwater Sampling
Seattle ANGS, Seattle, Washington

Date: 5 November 1998

This document outlines the details of quarterly groundwater sampling to be
completed during the Phase I Remedial Investigation (RI) at the Seattle Air
National Guard Station (ANGS) located in Seattle, Washington in November
1998. Groundwater samples will be collected from the 13 existing wells at the
site. The locations of the monitoring wells are shown on the attached figure.

Health and Safety Requirements

All site personnel are to be familiar with and must follow the Sitewide Safety
and Health Plan, which is included in the Work Plan as Appendix A. This
includes using the correct levels of personal protective equipment (PPE). The
Site Safety Officer (Site Manager) will conduct a daily safety tailgate briefing
and ensure that all personnel present during fieldwork sign the daily tailgate
forms.

Groundwater Sampling

In November 1998, groundwater samples will be collected from the 13
monitoring wells at the Seattle ANGS. The water level in each well will be
measured prior to beginning sampling activities. Monitoring wells will be
purged and sampled using a nondedicated submersible pump. Low-flow
purging procedures (pumping rate of less than 1 liter per minute) will be
used at all wells. Prior to sample collection, monitoring well purging will
continue until at least three well casing volumes have been evacuated or the
groundwater temperature has stabilized to within + 1°C, pH has stabilized to
within 0.1 units, and specific conductance has stabilized to within +10
percent. If the monitoring well purges dry, the well will be purged

KCSlip4 41390

SEA407920



completely once and allowed to recover over a period of not more than 18
hours prior to sampling. Groundwater samples will be collected directly
from -the pump discharge tubing and analyzed for volatile organic
compounds (VOCs) by US. Environmental Protection Agency (USEPA)
Method 8260.

Sampling Schedule

The current schedule for field sampling activities during the November 1998
mobilization of the Seattle ANGS Phase II Rl is as follows:

23-25 November 1998: Mobilize to site, measure water levels, complete
groundwater sampling.

This schedule may be altered due to Station operations and/or sampling rate.

Groundwater Sample Identifiers

Sample identifiers for groundwater samples collected from monitoring wells
will include the monitoring well identifier, the calendar year, and the
sequential sampling event within that year. For example,
“MW-1-98-2” represents a groundwater sample collected from monitoring
well MW-1 during the second sampling event of 1998. The November 1998
quarterly sampling event will be the second groundwater sampling event in
1998.

Analytical Parameters

All groundwater sample analyses will be performed by MultiChem
Analytical Services (MAS). Samples will be hand delivered to MAS at the

following address:

MAS
ATTN: Sample Receiving
560 Naches Avenue Southwest, Suite 101
Renton, Washington 98055-2200
Phone: (425) 228-8335
Fax: (425) 363-1742

A Level IV CLP-type data package will be requested from MAS for all
groundwater sample analyses (100 percent Level IV reporting).

Seattle ANGS Phase II RI November 1998 Field Memo Page 2
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Quality Assurance/Quality Control (QA/QC) Samples

The following QA/QC samples will be collected during RI activities at the
site: trip blanks, field duplicates, equipment rinsate blanks, field blanks, and
matrix spike/matrix spike duplicate (MS/MSD) samples. The QA/QC
samples will be analyzed for VOCs by USEPA Method 8260.

Duplicate Samples. Field duplicates will be collected at a frequency of 10
percent of the total number of primary samples. Sample identifiers for field
duplicates are the same as the primary sample but followed by a “D.” The
collection times recorded for the field duplicates should be the same as the

associated primary samples.

One duplicate groundwater sample will be collected at the following location:
* Monitoring Well: MW-3

Equipment Rinsate Blanks. Equipment rinsate blanks will be analyzed at a
frequency of 10 percent of the total number of primary samples. The
equipment rinsate blanks will be collected from the final American Society for
Testing and Materials (ASTM) Type Il water rinse of the sampling equipment
after decontamination. Sample identifiers for rinsate blanks will be the same
as the sample identifier used for the sample collected before the blank was
prepared, followed by an “R.”

One equipment rinsate blank sample will be collected at the following
location:

* Monitoring Well: MW-3

Field Blanks. Field blanks will be collected at the frequency of one per water
source (i.e., tap water, ASTM Type II water) per sampling event. Sample
identifiers for field blanks will be the identifier used for the sampling location
at which the blank was prepared, followed by an “FT” (for tap water) or “FA”
(for ASTM Type Il water).

One tap water field blank and one ASTM Type II water field blank will be
collected at the following location:

* Monitoring Well: BS-004PZ

MS/MSD. The MS/MSD analyses will be designated to be performed on the
groundwater sample collected at the following location:

* Monitoring Well: BS-004PZ

Seattle ANGS Phase II RI November 1998 Field Memo Page 3
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24-25 February 1999: Mobilize to site, measure groundwater levels,
complete groundwater sampling.

This schedule may be altered due to Station operations and/or
sampling rate.

Groundwater Sample Identifiers

Sample identifiers for groundwater samples collected from the
monitoring wells will include the monitoring well identifier, the
calendar year, and the sequential sampling event within that year.
For example, “MW1-99-1" represents a groundwater sample
collected from monitoring well MW-1 during the first sampling
event of 1999. The February 1999 quarterly sampling event will be
the first groundwater sampling event in 1999.

Analytical Parameters

All soil and monitoring-well groundwater sample analyses will be
performed by MultiChem Analytical Services (MAS). Samples will
be hand delivered to MAS at the following address:

MAS
ATTN: Sample Receiving
560 Naches Avenue Southwest, Suite 101
Renton, Washington 98055-2200
Phone: (425) 228-8335
Fax: (425) 363-1742

The samples will be analyzed for VOCs by USEPA Method 8260
All monitoring-well groundwater sample analyses (100 percent)
will require Level IV CLP-type data package documentation.

Quality Assurance/Quality Control (QA/QC) Samples

The following QA/QC samples will be collected during RI
activities at the site: trip blanks, field duplicates, equipment rinsate
blanks, field blanks, and MS/MSD samples. One trip blank will be
submitted with each cooler containing samples for VOC analysis at
the off-site laboratory; the trip blanks will be analyzed for VOCs
using USEPA Method 8260. Field blanks, equipment rinsate
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blanks, and duplicates will be analyzed for the same parameters as
the primary samples.

Duplicate Samples. Two field duplicates will be collected in
February 1999. Sample identifiers for field duplicates are the same
as the primary sample but followed by a “D.” The collection times
recorded for the field duplicates should be the same as the
associated primary samples.

Duplicate groundwater samples will be collected at the following
locations:

* Monitoring Well: MW-4, MW-8

Equipment Rinsate Blanks. One equipment rinsate blank will be
collected in February 1999. The equipment rinsate blanks will be
collected from the final ASTM Type II water rinse of the sampling
equipment after decontamination. The sample identifier for the
rinsate blank will be the same as the sample identifier used for the
sample collected before the blank was prepared, followed by an
“R

The equipment rinsate blank sample will be collected at the
following location:

* Monitoring Well: MW-4

Field Blanks. One tap water field blank and one ASTM Type II
water field blank will be collected in February 1999. Sample
identifiers for field blanks will be the identifier used for the
sampling location at which the blank was prepared, followed by an
“FT” (for tap water) or “FA” (for ASTM Type II water).

The two field blanks will be collected at the following location:
* Monitoring Well: MW-4 (or MW-8)

MS/MSD. One MS/MSD will be designated to be performed on
the groundwater sample collected from the following location:

* Monitoring Well: MW-4 (or MW-8)

Extra sample volumes need to be collected for MS/MSD analyses
for each type of analysis performed. VOC analysis typically
requires triple sample volume, while other analyses require double
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volume. Confirm required MS/MSD sample volumes with the
laboratory prior to sample collection. MS/MSD-designated
samples should be indicated on the Chain-of-Custody form. At
least one MS/MSD sample is required for each matrix in each
sample batch designated for Level IV CLP-type laboratory data
reporting.

Trip Blanks. Trip blanks will be collected at the frequency of one
per cooler containing samples designated for VOC analysis at the
off-site laboratory. Sample identifiers for trip blanks are as follows:
TB(date)-#. For example “TB022499-1" and “TB022499-2" represent
the trip blanks submitted with the first and second coolers,
respectively, containing samples collected on 24 February 1999.

Decontamination

Non-disposable monitoring and sampling equipment will be
decontaminated before and after use at each monitoring well. The
electronic water level indicator and the submersible pump housing
will be washed with a mixture of tap water and laboratory-grade
detergent (e.g., Liqui-Nox or Alconox), followed by a rinse with
ASTM Type Il reagent-grade water, and a final isopropanol spray
rinse. The submersible pump internals and any non-disposable
tubing will be decontaminated by pumping an aqueous Alconox or
Liqui-Nox solution, followed by ASTM Type Il water, through the
pump and tubing. The ASTM Type II water will be produced on
site from tap water using a portable water filtration system.
Decontaminated equipment will be either wrapped in aluminum
foil or positioned to preclude inadvertent contamination prior to
reuse. Decontamination water will be contained in 55-gallon
drums.

Work Plan Sampling Summary

The groundwater sampling program is summarized in Section 6.0
of the Phase II RI/FS Work Plan.

Deviations /Clarifications from the Work Plan

The QA/QC sample naming convention (i.e., sample identifiers)
specified in this memorandum differs from the convention
described in the Work Plan. Also, isopropanol will be used for the
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final decontamination spray rinse instead of methanol. Both of
these deviations have been approved by the ANG Project Manager
(Alan Klavans). No other deviations from the Work Plan are
anticipated during the February 1999 sampling event.

Daily Reporting

A summary of each day's field activities, including copies of chain-
of-custody forms and field notes, will be prepared by the ERM Site
Manager and will be delivered to the ERM Project Manager upon
completion of each sampling event.

Required Equipment and Materials

Equipment and materials to be transported to the site by the field
sampling team include:

» First aid kit

* Eye wash kit

» Fire extinguisher

» PPE (hard hats, safety glasses, traffic vests, etc.)

« Copy of Final Phase II RI/FS Work Plan (July 1998)

» Copy of Sitewide Safety and Health Plan (Appendix A of Work
Plan)

* Bound field book containing appropriate monitoring, sampling,
and health & safety forms and documentation (including fit
letters and training certificates)

* Calibration forms

* Chain-of-custody forms

*  Weatherproof, bound field notebooks

*  Weatherproof pens

* Photoionization detector (PID) with isobutylene calibration gas

* Submersible pump and controller

* Submersible pump hose and/ or disposable tubing

* Back-up submersible pump and controller

* Disposable bailers

* Water quality meter with in-line flow cell

* Electronic water level indicator

* Sample bottles and labels

* Drum labels

* Coolers

* Resealable plastic bags
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» ASTM Type Il reagent-grade water system
* Decontamination buckets and scrub brushes
e Alconox or Liqui-Nox

* Isopropanol

* Spray bottles and/or tank

* Dlastic sheeting

* Nitrile gloves

* Aluminum foil

* Paper towels

* Tool kit

¢ Camera and film

* Ice
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Technical Memorandum

To: Rob Leet, Amy Kelley

From: Don Wyll

Date: 14 May 1999

Subject: Quarterly Groundwater Monitoring -

Fourth Quarter 1998/99 Groundwater Sampling Event
Seattle ANGS, Seattle, WA

This document outlines the details of groundwater water sample
collection to be completed in May 1999 at the Seattle Air National
Guard Station (ANGS) located in Seattle, Washington.
Groundwater samples will be collected from 13 monitoring wells at
the site. The locations of the monitoring wells are shown on the
attached figure.

Health and Safety Requirements

All site personnel are to be familiar with and must follow the
Sitewide Safety and Health Plan, which is included in the Work
Plan as Appendix A. This includes using the correct levels of
personal protective equipment (PPE). The Site Safety Officer (Site
Manager) will conduct a daily safety tailgate briefing and ensure
that all personnel present during fieldwork sign the daily tailgate
forms.

Groundwater Sample Collection

Groundwater samples will be collected from the 13 existing
monitoring wells at the Seattle ANGS. The depth to groundwater
in each monitoring well will be measured with an electronic water
level indicator before any of the wells are purged or sampled.
Monitoring wells will then be purged and sampled using a non-
dedicated submersible pump. Low-flow sampling methods will be
used as described in the following Standard Operating Procedure
(SOP):

Environmental
Resources
Management

915 - 118" Avenue S.E.
Suite 130

Bellevue, WA 98005
(425) 462-8591

(425) 455-3573 (fax)
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SOP for Low-Flow Sampling

1. Attach a fresh piece of disposable polyethylene (or equivalent)

tubing to outlet of decontaminated pump. Lower pump slowly
into well to minimize mixing of casing water and suspension of
any silt at bottom of well. Place pump near the middle or
slightly above the middle of the screened interval. (Note: these
initial steps are only necessary if using a non-dedicated pump
or if installing a dedicated pump.) Purge at 100 to 500 ml/min;
the goal is to minimize drawdown in the well (ideally less than
10 cm drawdown).

Monitor purge-water temperature, pH, specific conductance,
dissolved oxygen, oxidation-reduction (redox) potential, and
turbidity using an in-line flow cell. (Also take discrete turbidity
measurements using a bench-top turbidity meter if this is
specified in the approved Work Plan.) Take readings every 3 to

5 minutes.

Stop purging when the following parameters have stabilized as
defined below for three successive readings or when at least one
well casing volume has been purged:

Temperature: + 1 C;

pH: + 0.1 units;

Specific conductance: + 10 percent;

Dissolved oxygen or turbidity: + 10 percent; and

For metals/inorganics sampling with no field filtering:
turbidity < 30 NTU.

4 When only unfiltered samples will be collected for

metals/inorganics analysis, if parameters do not stabilize within
one casing volume or turbidity does not fall below 30 NTU, let
the water level in the well recover overnight, but less than 24
hours, before collecting the metals/inorganics samples.
However, samples to be analyzed for organics should be
sampled immediately following purging. Metals/inorganics
samples should be collected the next day according to the
procedure outlined below under “Quiescent Sampling of Low-
Yield Wells.”
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5. After well-purging criteria are satisfied, disconnect the in-line
flow cell and collect samples as usual (VOCs first, followed by
TPH, SVOCs, and metals/inorganics samples as applicable).

6. If required by the Work Plan, take a photograph of the purge
water in a clear glass container against a white background.
The sampling location should be clearly identified in the

photograph.

7. If using a non-dedicated pump, remove pump from well,
discard disposable tubing, and decontaminate pump per the
Work Plan/ ANG protocol.

To minimize delays in field parameter stabilization and potential
bias in analytical testing results, any vents or other potential
sources of air bubbles in the pump discharge tubing or in-line flow
cell should be identified and sealed off (or otherwise isolated) prior
to purging or as soon as possible after purging begins.

Quiescent Sampling of Low-Yield Wells

If well yield is so low that continuous flow is lost during well
purging even at the minimum sustainable purge rate, turn the
pump off and allow the well to recover as much as possible (but not
longer than 24 hours). If only unfiltered samples will be collected
for metals/inorganics, allow the well to recover overnight. Do not
attempt to maximize purge volume by lowering the pump to the
bottom of the well. After the water level in the well has recovered,
collect the required samples with the pump placed near the middle
of the screened interval. If using a non-dedicated pump, be sure to
minimize disturbance of the water column by lowering the pump
slowly into the well.

Groundwater samples at the Seattle ANGS will be collected directly
from the pump discharge tubing and analyzed for volatile organic
compounds (VOCs) using USEPA Method 8260.

Sampling Schedule

The current schedule for field sampling activities during the May
1999 groundwater sampling event at the Seattle ANGS is as
follows:
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18-19 May 1999: Mobilize to site, measure groundwater levels,
complete groundwater sampling.

This schedule may be altered due to Station operations and/or
sampling rate.

Groundwater Sample Identifiers

Sample identifiers for groundwater samples collected from the
monitoring wells will include the monitoring well identifier, the
calendar year, and the sequential sampling event within that year.
For example, “MW1-99-2” represents a groundwater sample
collected from monitoring well MW-1 during the second sampling
event of 1999. The May 1999 quarterly sampling event will be the
second groundwater sampling event in 1999.

Analytical Parameters

All soil and monitoring-well groundwater sample analyses will be
performed by MultiChem Analytical Services (MAS). Samples will
be hand delivered to MAS at the following address:

MAS
ATTN: Sample Receiving
560 Naches Avenue Southwest, Suite 101
Renton, Washington 98055-2200
Phone: (425) 228-8335
Fax: (425) 363-1742

The samples will be analyzed for VOCs by USEPA Method 8260
All monitoring-well groundwater sample analyses (100 percent)
will require Level IV CLP-type data package documentation.

Quality Assurance/Quality Control (QA/QOC) Samples

The following QA/QC samples will be collected during RI
activities at the site: trip blanks, field duplicates, equipment rinsate
blanks, field blanks, and MS/MSD samples. One trip blank will be
submitted with each cooler containing samples for VOC analysis at
the off-site laboratory; the trip blanks will be analyzed for VOCs
using USEPA Method 8260. Field blanks, equipment rinsate
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blanks, and duplicates will be analyzed for the same parameters as
the primary samples.

Duplicate Samples. One field duplicate will be collected in May
1999. The sample identifier for field duplicate will be the same as
the primary sample but followed by a “D.” The collection times
recorded for the field duplicates should be the same as the
associated primary sample.

The duplicate groundwater sample will be collected at the
following location:

* Monitoring Well: MW-8

Equipment Rinsate Blanks. One equipment rinsate blank will be
collected in May 1999. The equipment rinsate blank will be
collected from the final ASTM Type II water rinse of the sampling
equipment after decontamination. The sample identifier for the
rinsate blank will be the same as the sample identifier used for the
sample collected before the blank was prepared, followed by an
“R

The equipment rinsate blank sample will be collected at the
following location:

* Monitoring Well: MW-4

Field Blanks. One tap water field blank and one ASTM Type II
water field blank will be collected in May 1999. Sample identifiers
for field blanks will be the identifier used for the sampling location
at which the blank was prepared, followed by an “FT” (for tap
water) or “FA” (for ASTM Type II water).

The two field blanks will be collected at the following location:
* Monitoring Well: MW-4 (or MW-8)

MS/MSD. One MS/MSD will be designated to be performed on
the groundwater sample collected from the following location:

* Monitoring Well: MW-4 (or MW-8)

Extra sample volumes need to be collected for MS/MSD analyses
for each type of analysis performed. VOC analysis typically
requires triple sample volume, while other analyses require double
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volume. Confirm required MS/MSD sample volumes with the
laboratory prior to sample collection. MS/MSD-designated
samples should be indicated on the Chain-of-Custody form. At
least one MS/MSD sample is required for each matrix in each
sample batch designated for Level IV CLP-type laboratory data
reporting.

Trip Blanks. Trip blanks will be collected at the frequency of one
per cooler containing samples designated for VOC analysis at the
off-site laboratory. Sample identifiers for trip blanks are as follows:
TB(date)-#. For example “TB022499-1" and “TB022499-2” represent
the trip blanks submitted with the first and second coolers,
respectively, containing samples collected on 24 May 1999.

Decontamination

Non-disposable monitoring and sampling equipment will be
decontaminated before and after use at each monitoring well. The
electronic water level indicator and the submersible pump housing
will be washed with a mixture of tap water and laboratory-grade
detergent (e.g., Liqui-Nox or Alconox), followed by a rinse with
ASTM Type Il reagent-grade water, and a final isopropanol spray
rinse. The submersible pump internals and any non-disposable
tubing will be decontaminated by pumping an aqueous Alconox or
Liqui-Nox solution, followed by ASTM Type II water, through the
pump and tubing. The ASTM Type II water will be produced on
site from tap water using a portable water filtration system.
Decontaminated equipment will be either wrapped in aluminum
foil or positioned to preclude inadvertent contamination prior to
reuse. Decontamination water will be contained in 55-gallon

drums.

Work Plan Sampling Summary

The groundwater sampling program is summarized in Section 6.0
of the Phase I RI/FS Work Plan.

Deviations /Clarifications from the Work Plan

The QA/QC sample naming convention (i.e., sample identifiers)
specified in this memorandum differs from the convention
described in the Work Plan. Also, isopropanol will be used for the

KCSlip4 41403

SEA407933



PAGE 7

final decontamination spray rinse instead of methanol. Both of
these deviations have been approved by the ANG Project Manager
(Alan Klavans). No other deviations from the Work Plan are
anticipated during the May 1999 sampling event.

Daily Reporting

A summary of each day's field activities, including copies of chain-
of-custody forms and field notes, will be prepared by the ERM Site
Manager and will be delivered to the ERM Project Manager upon
completion of each sampling event.

Required Equipment and Materials

Equipment and materials to be transported to the site by the field
sampling team include:

» First aid kit

* Eye wash kit

» TFire extinguisher

* PPE (hard hats, safety glasses, traffic vests, etc.)

* Copy of Final Phase I RI/FS Work Plan (July 1998)

* Copy of Sitewide Safety and Health Plan (Appendix A of Work
Plan)

* Bound field book containing appropriate monitoring, sampling,
and health & safety forms and documentation (including fit
letters and training certificates)

 Calibration forms

* Chain-of-custody forms

* Weatherproof, bound field notebooks

*  Weatherproof pens

* Photoionization detector (PID) with isobutylene calibration gas

¢ Submersible pump and controller

* Submersible pump hose and/ or disposable tubing

* Back-up submersible pump and controller

* Disposable bailers

¢ Water quality meter with in-line flow cell

* Electronic water level indicator

* Sample bottles and labels

¢ Drum labels

* Coolers

* Resealable plastic bags
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» ASTM Type Il reagent-grade water system

* Decontamination buckets and scrub brushes
* Alconox or Liqui-Nox

* Isopropanol

* Spray bottles and/or tank

* Plastic sheeting

* Nitrile gloves

¢ Aluminum foil

* Paper towels

¢ Tool kit
e Camera and film
e Jce
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Technical Memorandum

To: Rob Leet, Scott Miyamoto

From: Don Wyll

Subject: Phase II Remedial Investigation Field Memorandum
November 1998 Groundwater Sampling
Seattle ANGS, Seattle, Washington

Date: 5 November 1998

This document outlines the details of quarterly groundwater sampling to be
completed during the Phase II Remedial Investigation (RI) at the Seattle Air
National Guard Station (ANGS) located in Seattle, Washington in November
1998. Groundwater samples will be collected from the 13 existing wells at the
site. The locations of the monitoring wells are shown on the attached figure.

Health and Safety Requirements

All site personnel are to be familiar with and must follow the Sitewide Safety
and Health Plan, which is included in the Work Plan as Appendix A. This
includes using the correct levels of personal protective equipment (PPE). The
Site Safety Officer (Site Manager) will conduct a daily safety tailgate briefing
and ensure that all personnel present during fieldwork sign the daily tailgate
forms.

Groundwater Sampling

In November 1998, groundwater samples will be collected from the 13
monitoring wells at the Seattle ANGS. The water level in each well will be
measured prior to beginning sampling activities. Monitoring wells will be
purged and sampled using a nondedicated submersible pump. Low-flow
purging procedures (pumping rate of less than 1 liter per minute) will be
used at all wells. Prior to sample collection, monitoring well purging will
continue until at least three well casing volumes have been evacuated or the
groundwater temperature has stabilized to within + 1°C, pH has stabilized to
within 0.1 units, and specific conductance has stabilized to within #10
percent. If the monitoring well purges dry, the well will be purged
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completely once and allowed to recover over a period of not more than 18
hours prior to sampling. Groundwater samples will be collected directly
from -the pump discharge tubing and analyzed for volatile organic
compounds (VOCs) by US. Environmental Protection Agency (USEPA)
Method 8260.

Sampling Schedule

The current schedule for field sampling activities during the November 1998
mobilization of the Seattle ANGS Phase II RI is as follows:

23-25 November 1998: Mobilize to site, measure water levels, complete
groundwater sampling.

This schedule may be altered due to Station operations and/or sampling rate.

Groundwater Sample Identifiers

Sample identifiers for groundwater samples collected from monitoring wells
will include the monitoring well identifier, the calendar year, and the
sequential sampling event within that year. For example,
“MW-1-98-2" represents a groundwater sample collected from monitoring
well MW-1 during the second sampling event of 1998. The November 1998
quarterly sampling event will be the second groundwater sampling event in
1998.

Analytical Parameters

All groundwater sample analyses will be performed by MultiChem
Analytical Services (MAS). Samples will be hand delivered to MAS at the
following address:

MAS
ATTN: Sample Receiving
560 Naches Avenue Southwest, Suite 101
Renton, Washington 98055-2200
Phone: (425) 228-8335
Fax: (425) 363-1742

A Level IV CLP-type data package will be requested from MAS for all
groundwater sample analyses (100 percent Level IV reporting).

Seattle ANGS Phase II RI November 1998 Field Memo Page 2
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FINAL

APPENDIX B

BOREHOLE LOGS AND WELL
CONSTRUCTION DIAGRAMS
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ERM

915118t Avenue S.E.

BOREHOLE LOG ste o723

Project Number: 6051.31

Project Nome: Seattle Air Notional Guard

Location: Seattle, WA

Contractor: TEG

Ground Surfoce Elevation: 15.09'
X Coordinote: 5530.26

Y Coordinate: 5568.69

Total Depth: 11.00'

Driling Method: Direct Push Borehole Dig.: 2.00in
Logged By: D. Wyl Static Water Level: 8.00'
Date(s): 08/13/98
fa
(24
o g
=| 2|88 5|¢E
< f‘—i p 5 § : = Description/Soil Clossification
S =
&l 8§ 8|2 |8|&| &
ML 0.0-0.2' Asphaltic Concrete
4 [—— 0.2-2.75" Brown SILT with fine SAND, moist, stiff.
SM ' . . .
] 2.75-5.75" Grodes to silty, fine SAND, moist, dense.
s_
SP 5.75'~ Grades to medium to fine SAND, with trace silt, moist.
’,—
h 4 Becomes wet ot 8.0 feet.
= | X
10
| S Boring completed ot 11.0 feet bgs.
154
204
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ERM

d BOREHOLE LOG e 1 0

(425) 462-8591
Project Number: 6051.31 X Coordinate:
Project Name: Seattle Air Naotional Guard Y Coordinate:

Total Depth: 11.00"
Borehole Dia.: 2.00in
Static Woter Level: B.5O'

Location: Seattle, WA
Controctor: Cascede Drilling

Drilling Method: Direct Push

Logged By: D. Wyl Date(s): 08/13/98
{ S
@
. 8
P _§_ o 2|1 e | & Description/Soil Classificotion
S 5 S| 2| E| B o
= S S| 28| & | &
ML _ 0.0-0.7 "Asphaltic Concrete
| 0.2-3.5" Black—gray SILT with fine SAND, moist, stiff.
00 Becomes brown.
] | ] 35— Gray, fine SAND with trace silt.
54
: 05 Grodes to fine—medium SAND, moist, dense.
: ] Silty sand lense.
J 00 Groundwater encountered at ~8.0 feet.
¥ || ’ Becomes wet at ~8.5 feet.
104
SRR Boring Completed ot 11.0 feet.
1
15
20

KCSlip4 41410

SEA407940



ERM

S e BOREHOLE LOG Site 1d: 625

{425) 462-8591 Page 1 of 1
Project Number: 6051.31 Ground Surface Elevotion: 15.07*
Project Nome: Seattle Air National Guard X Coordinate: 5512.71
Location: Seattle, WA Y Coordinate: 5560.88
Contractor: TEG Total Depth: 11.00’
Drilling Method: Direct Push Borehole Dic.: 2.00in
Logged By:D. Wyll Stolic Woter Level: 8.50'
Dote(s): 08/13/98
g
. - | 8
= = ol R -~ el I Description/Soil Classification
5| 8 | &| 2|5l 2&)¢e
=] S S| 2| &8 @ T
ML 0.0-0.2" Asphaltic Concrete
] ] 0.2-3.0" Brown—gray SILT with fine SAND, moist, stiff.
SP 3.0~ Gray—brown, fine SAND with trace silt, moist, dense.
R 05

S— Grades to fine—medium SAND, moist, dense.

] h 4 Becomes wet ot 8.25 feet.

+ o Boring completed ot 11.0 feet.
154
20

KCSlip4 41411

SEA407941



=
o BOREHOLE LOG
Bollevue, WA 68005
(425) 42-8591 Poge 1t of 1
Project Number: 6051.31 Ground Surface Elevation: 14.46’
Project Nome: Seattle Air Notional Guard X Coordinate: 5670.18
Location: Seattle, WA Y Coordinate: 5340.33
Contractor: TEG Total Depth: 11.00'
Drilling Methed: Direct Push Borehole Dia.: 2.00in
Logged By: D. Wyl Static Woter Level: 8.00'
Date(s): 08/13/98
[
£
o= = 8| .
| S |28lg|€|5|c
= Q
- £ o ; 2l o | & Description/Soil Classification
B = (&) -— E xE
gl 3 |32 |a|a8|8&
ML 0.0-0.2" Aspholtic Concrete
F 0.2-3.5" Brown-gray SILT with fine SAND, moist, stiff.
00
sp - 3.5~ Groy, fine SAND with troce silt, moist, dense.
10
Brown, fine to medium SAND.
| |
! % 2 Becomes wet at 8.0 feet.
= B Ground water encountered at 8.0 feet.
104 1.0
-L'—'—‘—‘T Boring completed at 11.0 feet,
15+
20

KCSlip4 41412

SEA407942



ERM

s BOREHOLE LOG Site 10:6P-27

425 462-8591 Page 1 of !
Project Number: 6051.31 Ground Surface Elevation: 15.05'
Project Name: Seattle Air National Guard X Coordinate: 5704.31
Location: Seattle, WA Y Coordinate: 5434.26
Contractor: TEC Total Depth: 11.00°
Drilling Method: Direct Push Barehole Dio.: 2.00in
Logged By: 0. Wyl Stotic Water Level: 8.00"

Dote(s): 08/13/98

[l
3
o = | 8| =
| 2 |&l8|¢| 5%
- -2 : < 2l < | = Description/Sail Clossification
s <2 S| 51 & 5| o
8 ] 5|2 |& | >d| &
ML — 0.0-0.2" Asphoitic Concrete
0.2-3.5" Brown-gray SILT with fine SAND, occasional grovel, moist, stiff.
0.0
SP ] o0 35~ Groy, fine SAND with trace silt, moist, dense.
5_
Becomes fine to medium SAND.
) 13
¥ ﬁ Becomes wet ot 8.0 feet.
10
JI RS Boring Completed ot 11.0 feet.
15+
20—
4

KCSlip4 41413

SEA407943



ERM
i BOREHOLE LOG
preyrii ey Page 1 of 1
Project Number: 6051.31 Ground Surface Elevation: 14.91'
Project Name: Seattle Air National Guard X Coordinate: 5656.02
Location: Seottle, WA Y Coordinate: 5412.69
Contractor: TEG Total Depth: 11.00°
Drilling Method: Direct Push Borehole Dia.: 2.00in
Logged By: D. Wyl Stotic Water Level: 7.00°
Date(s): 08/13/98
o
[
- - | 8
sl - |81E|5)5]%
p _é o é_ ;’ R Description/Seil Classification
S 2 2 o =] 02 =]
(=1 (&) S = 7] [aa] a
SM 0.0-0.27 Asphaltic Concrete
] 0.2-3.%" Brown-—block SILT with fine SAND, trace gravel, moist, medium stiff.
1 0.0
] SP | | 35~ Gray, fine SAND with troce silt, moist, dense.
0.0
4 Gray, fine to medium SAND with troce silt, moist to wet.
1 ; ﬂ 0.0 Becomes wet at 7.0 feet.
1
1
0.0
104
IERRRAES Boring completed ot 11.0 feet BGS.
15
20
i
1

KCSlip4 41414

SEA407944



S BOREHOLE LOG
(425) 462-8631 age 1 of !

Ground Surface Elevation: 14.88'
X Coordinate: 5586.65
Y Coordinate: 5263.70

Project Number: 6051.31

Project Nome: Seattle Air National Guord
Locotion: Seattle, WA

Contractor: TEG Total Depth: 11.00'

Drilling Method: Direct Push Borehole Dia.: 2.00in

Logged By: D. Wyl Static Water Level: 9.00°

Dote(s): 08/13/98

el
b4
o — 5]
© —
sl 2 12[3]%]58
£ ::—; I 21 | = Description/Soil Clossification
s S S|ls(s| &|e
[=] (] > = (721 [aa] a
ML 0.0-0.2" Asphaoltic Concrete
F 0.2'-4.4" Block—groy SILT with fine SAND, moist, stiff.
10
SM 00 4.4'-86.5" Brown—groy, silty, fine SAND, moist, dense.
] SP || 6.5 - Gray, fine SAND with trace silt, moist, dense.
§ ! - 10 Becomes wet at S.0 feet.
104
B ERER Boring Completed ot 11.0 feet BGS.
15
204

KCSlip4 41415

SEA407945



ERM
915 118th Avenue S.E. .
o 130 O HO E OG Site 1d: GP—30
3357&329?““ B RE L L Page 1 of 1
Project Numnber: 6051.31 Ground Surface Elevation: 14.68’
Project Name: Seattle Air Notional Guerd X Coordinote: 5529.51
Location: Seattle, WA Y Coordinate: 5354.25
Contractor: TEG Total Depth: 11.00°
Driling Method: Direct Push Borehole Dis.: 2.00in
Logged By: D. Wyl Stolic Water Level: 8.50°
Dote(s): 08/13/98
o
4
g @ © § =
SEREIEIEE R
= 3‘:‘-: 9l s é ‘; & Description/Sail Clossification
=% 1) -
gl & |8 12l&8|a |8
ML 0.0-0.2" Asphaltic Concrete
T M 0.2-3.5" Brown—groy SILT with fine SAND, moist, stiff.
] 06
| SP L 3.5~ Gray brown, fine SAND with troce silt, moist, dense.
5_
4 0.0
] ¥ % 0.5 Becomes wet ot B.5 feet.
104
Ll Boring completed ot 11.0 feet.
154
204
ﬂ

KCSlip4 41416

SEA407946



ERM

Zr BOREHOLE LOG
1426) 462-8591 oge 1 of !

Project Number: 6051.31 Ground Surface Elevation: 14.30°

Project Nome: Seattle Air Naotional Guord X Coordinote: 5505.61

Location: Seattle, WA Y Coordinote: 5313.67

Contractor: TEG Total Depth: 11.00°

Drilling Method: Direct Push Barehole Dig.: 2.00in

Logged By: D. Wyll
Dote(s): 08/13/98

Stalic Water Level: 8.50°

)
3
e w | B ] € | —
El L 1818|513 ¢8
= ;i o 2 ;’ S Description/Sail Classification
- [&] -— E
g & |g8|2|8|&8|8
SM 0.0-0.2" Asphaltic Concrete
y r 00 | 0.2-2.25" Brown—gray, silty, fine SAND, moist, dense.
ML 00 2.25-3.5" Grades {o brown SILT with fine SAND, moist, stiff.
1 SP || 3.5-8.8B" Fine SAND with trace silt, moist, dense.
54
S 05
v X
sml = | | 1.0 Becomes wet at 8.5 feet.
8.8'~ Brown~gray, silty, fine SAND, wet, dense.
10
Boring Completed ot 11.0 feet.
155
20

KCSlip4 41417

SEA407947



ERM
- BOREHOLE LOG e

(425) 462-8591

Project Number: 6051.31 Ground Surface Elevation: 14.24'

Project Name: Seottle Air National Guerd X Coordinate: 5494.33

Location: Seattle, WA Y Coordinate: 5423.85

Contractor: TEG Total Depth: 11.00°
Drilling Method: Direct Push Borehale Dia.: 2.00in
Logged By: D. Wyl Static Woter Level: 7.50'

Date(s): 08/13/98

el
(2]
- g
| = |§|8|€|5|¢
;_: £ e ; 2 < & Description/Soil Classification
& S 181 5| 3] e
a (&3 = = (%] [<3) Q
ML 0.0-0.2" Aspholtic Concrete
] — 0.2'-3.0" Black—brown SILT with fine SAND, moist, stiff.
1 06
SpP 3.0~ Gray, fine SAND with trace silt, moist, dense.
5. . 00
j AN CGrades to medium SAND.
T. ! X 1.7 Becomes wet ot 7.5 feet.
1
10

Boring completed at 11.0 feet.

20+

KCSlip4 41418

SEA407948



ERM

915 118h Avene 5. )
- BOREHOLE LOG Site Id: GP-33
{425) 462-8591 Poge 1 of 1
Project Number: 6051,31 Ground Surfoce Clevation: 13.34'
Project Nome: Seattle Air National Guard X Coordinete: 5224.55
Location: Seattle, WA Y Coordinate: 5117.88
Contractor: TEG Total Depth: 9.00'
Drilling Method: Direct Push Baorehole Dia.: 2.00in
Logged By:D. Wyl Static Water Level: 8.00'
Date(s): 08/12/98
o
g
> =1 8| =
=| S| 8|85 |®
oy 53
=l 2 oSl -] 2| & esrption/Soil Clossificotion
2| 8 |gQ| 5| E|&]e
(=] (&) =2 = w o o
ML 0.0-0.2" Asphaltic concrete.
. 0.2-3.0" gray brown SILT with fine sond, moist, stiff.
0.0
T SP/SM 3.0-4.0" gray, fine SAND, with silt, grodes to fine sond with trace silt,
] 5P - 0.0 moist, dense.
4.0-9.0" groy, fine to medium SAND, with troce silt, moist, dense.
5_
4 . 0.0
1 ¥ Becornes wet at 8.0 feet.
T ’+ — Boring completed ot 9.0 feet BGS.
10
15+
20
1

KCSlip4 41419

SEA407949



ERM

- BOREHOLE LOG Site 1d: GP-34

(425) 462-8591 Page 1 of 1

Project Number: 6051.31 Ground Surfoce Elevation: 12.43'
Project Name: Seattle Air Notional Guord X Coordinate: 5030.97

Y Coordinate: 5246.39

Total Depth: 10.00°

Location: Seattle, WA
Contractor: TEG
Drilling Method: Direct Push Borehole Dia.: 2.00in
Logged By: D. Wyli Static Water Level: 6.00°

Dote(s): 08/12/98

o
S
— g I ] g 2 | ~
gl 2181815131 %8
= 2 Al B8] °|= Description/Sail Classification
s 5 |Q|8|E|B|e
o S =3 = o o a
ML 0.0-0.2° Aspholtic concrete.
j 1.2 | 0.2-5.53" block SILT, with fine sand, moist, stiff.
| 0.0
groy brown SILT, with troce sond, moist, dense.
5_
CHD 4RS 5.5'-7.0' groy brown, silty fine SAND, wet, dense.
p < '
SP/SM 0.0 7.0-10.0° very fine SAND WITH SILT, wet, dense.
10+ -+ l 4 ‘IJ Boring completed ot 10 feet BGS.
154
20+

KCSlip4 41420

SEA407950



M
915 118t Averue S.E. .
S Site td: GP—35
- BOREHOLE LOG
1425) 462-8591 Poge 1 of !
Project Number: 6051.31 Ground Surface Elevotion: 12.78
Project Name: Seattle Air National Guord X Coordinate: 5122.91
Location: Seattle, WA Y Coordincte: 5234.97
Contractor: TEG Total Depth: 9.50"
Drilling Method: Direct Push Borehale Dia.: 2.00in
Logged By: 0. Wyl Static Woter Level: 7.00°
Date(s): 08/12/98
f
@
& =l 8
el 2 |8l&8|<18]%
£ ;; 2 S —§ : = Description/Seil Clossification
g =
gl 8§ |8|=|s8|=s]|¢&
ML 0.0-0.2" Asphaitic Concrete
- 0.2-2.25" Biock—groy SILT with fine SAND, moist.
00
SP/SM 2.25-7.0° Biock, fine SAND with SILT, moist, dense.
L 00 Gray brown, fine to medium SAND with SILT, moist, dense.
5_
v 00
ML | = 7.0'- Brown gray SILT with fine SAND, wet, dense.
10: i Boring Completed ot 9.5 feet.
15+
20—J

KCSlip4 41421

SEA407951



ERM

Sz BOREHOLE LOG i 1 -3

{425 462-8501 Page 1 of 1

Project Number: 6051.31 Ground Surface Elevation: 12.56
Project Nome: Seattle Air Nationol Guord X Coordinate: 5115.69
Location: Seattle, WA Y Coordinote: 5168.89
Contractor: TEG Total Depth: 9.50°

Driling Method: Direct Push Borehale Dia.: 2.00in

Logged By:D. Wyll Stalic Woter Level: 7.00°

Date(s): 08/12/98

=
g
g © K] us.) €
< _‘ci P 2l el e Description/Soil Classification
s g 18|38|5|&e
o (&} =] = 23 @™ o
ML 0.0-0.2" Aspholtic Concrete
i 0.2-3.0" Black/gray SILT with no sand.
] 29 Brown groy SILT with fine SAND, moist, stiff.
T-T|SP/sM 3.0-5.75" Groy brown, fine SAND with SILT, moist, dense.
1] 00
51 ’
1 ' ML o0 | 5.75'- Gray SILT with trace fine sand, wel, stiff.
h 4
] 00
L 4 Boring completed ot 9.5 feet BGS.
10

KCSlip4 41422

SEA407952



ERM

T BOREHOLE LOG

(426) 462-8501 Page 1 of 1
Project Number: 6051.31 Ground Surface Elevation: 12.77°
Project Name: Seottie Air National Guord X Coordinate: 5124.39
Location: Seattle, WA Y Coordinate: 5100.41
Contractor: TEG Total Depth: 9.50°
Drilling Method: Direct Push Borehole Dia.: 2.00in
Logged By: D. Wyl Static Woter Level: 7.00°

Dote(s): 08/12/98

o
@
>
— 8
= |88 |&| 5|
5 8 9 2 a . . e e
= 2 P I i [~ Description/Sail Classification
= a L4 Y] F
g g Sl &) 2|¢e
Q [ > = (2] o a
- SP/SM 0.0-0.2" Asphaltic Concrete
4 0.2-3.0" Gray—brown, fine SAND with SILT, trace gravel, moist, dense.
1. 00 Lenses of silt.
SP B a0 3.0-7.8" Brown grey fine to mediurn SAND with troce sill, moist, dense.
5 Silt lenses.
] SAND becomes finer.
_ ! § Ground woter encountered ot ~6.5 feet.
—J 0o 7.8'— Brown SILT with fine SAND, wet, stiff.

lin

Boring completed ot 9.5 feet BGS.

KCSlip4 41423

SEA407953



EAM
fp BOREHOLE LOG
Belevue, WA 98005 P
(425) 462-8591 age 1 of 1
Project Number: 6051.31 Ground Surfoce Elevation: 12.46'
Project Nome: Seattle Air National Guord X Coordinate: 5067.35
Location: Seattle, WA Y Coordinote: 5135.94
Contractor: TEG Total Depth: 9.50°
Drilling Method: Direct Push Borehole Dia.: 2.00in
Logged By:D. Wyll Static Woter Level; 6.00°
Date(s): 08/12/98
[
QL
o =1 8
g S 1E8lE8|S]2l%
= 2 al sl 2819 e Description/Soil Classification
= E|8|E|E|2&|e
o [&] =2 = %] @ Q
TT SM 0.0-0.2" Aspholtic Concrete
1l kRl 0.2-2.5" Brown—groy, silty fine SAND, moist, dense.
: : 1.0
‘ | ML B o0 2.5-4.0' Brown—gray, SILT with fine SAND, moist, stiff.
_SP/SM 4.0'- Brown, fine SAND with SILT, wet, dense.
5_
N v § 0.0
40 = Ground water encountered at ~6.5 feet.
1
1100 U 0.0
I Boring completed ot 9.5 feet.
%’*"' - Y Boring abandoned with Bentonite chips (hydroted).
107
154
20
1

KCSlip4 41424

SEA407954



eV

%ﬁ;::;:g BOREHOLE LOG Site Id: GP-39

(425) 462-8591 Page 1 of 1
Project Number: 6051.31 Ground Surface Elevation: 11.98'
Project Name: Seottle Air National Guard X Coordinote: 5046.86
Location: Seattie, WA Y Coordingte: 5231.15
Controctor: TEG Total Depth: 9.50"
Drilling Method: Direct Push Borehole Dia.: 2.00in
Logged By: D. Wyl Stetic Water Level: 7.00'
Dote(s): 08/12/98
fenld
[
g g
= s 21 2| & %8 T
< o
2| £ 1o 2| 2] S| & Descripton/Sal Clssificotion
B S | 8|2 E| B e
A & S|l=z|8| o | &
SM 20 0.0-0.2" Asphaltic Concrete
1 ] . 0.2-6.5" Brown—gray, fine SAND with SILT, moist, dense.
| 00
i ] Brown—gray, fine to medium SAND with SILT, moist to wet,
medium dense.
5 70
i Gray, fine SAND with SILT, occasional grovel, wet, dense.
i ML | W X 6.5'- Gray SILT with fine SAND, wet, stiff.
| - 10
10_-—" i Boring completed ol 9.0 feet.
] Ground water sample obtained.
154
20

KCSlip4 41425
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ERM
915 118th Avenue 5.
Sue 130

Botievue, WA BB005
(425) 462-8591

BOREHOLE LOG Site 16: GP~40

Poge 1 of 1

Project Number: 6051.31

Project Neme: Seattle Air National Guord
Location: Seattle, WA

Contractor: TEG

Drilling Method: Direct Push

Logged By: D. Wyll

Date(s): 08/12/98

Ground Surface Elevation: 11.43'
X Coordinate: 4333.69

Y Coordinate: 5239.48

Tolal Depth: 9.50"

Barehole Dia.: 2.00in

Stotic Woter Level: 6.50°

[l
Q
8
on o ) — -
el 2138|221 5|%E
o _:é o | 5 %E; ': = Description/Soil Classification
gl & |8|l8|s|&]|¢
ML 0.0-0.2" Asphaltic Concrete
0.2-3.5" Groy—brown, fine to medium SAND with SILT, moist, dense.
0.5 Interbedded silt lenses.
L Gray—brown SiLT with fine SAND, maist.
SP/SM 05 | 3.5-6.25" Brown—gray, fine SAND with SILT, moist, wet.
57 § 00
v Ground water encountered at ~6.5 feet.
SP = 6.25 - Fine to medium SAND, with occasional gravel and traoce silt,
wet, dense.
] 0.0
— Boring completed at 9.5 feet BGS.

10

20

KCSlip4 41426

SEA407956



ERM

- BOREHOLE LOG Site 16: 0P-41

(425) 462-8691 Poge 1 of 1
Project Number: 6051.31 Ground Surfoce Elevation: 12.12'
Project Name: Seattle Air Nationol Guord X Coordinote: 4986.82
Location; Seattle, WA Y Coordinote: 5128.67
Contractor: TEG Total Depth: 9.50"
Drilling Method: Direct Push Borehole Dig.: 2.00in
Logged By: 0. Wyl Stalic Woter Level: 6.00°
Date(s): 08/12/98
-
o
o =1 8
sl 2 |88|<5|¢
= }é a |z é : K=Y Description/Soil Classificotion
a -
g S |8|2|8|a|&
SM 0.0-0.2" Asphaltic concrete.
J
00 0.2-2.0" brown groy, silty fine SAND, moist, dense.
SP/SM 2.0-5.5" gray, fine SAND WITH SILT, moist, dense.
1 ] 10
5 y
1] U D AN ~ | 5.5-6.2" brown gray SILT, with fine sond, moist to wet, dense.
SM | T 6.2-9.5" gray brown silty , fine SAND, wet, dense.
111 00
10 il H Boring complete at 9.5 feet BGS.
Ground woter somple obtained.
Boring abandoned with hydroted bentonite chips.
15—
20+
.,

KCSlip4 41427

SEA407957



ERM

S BOREHOLE LOG

(425) 4628591

Project Number: 6051.31 Ground Surface Elevation: 12.97'
Project Name: Seottle Air Notional Guord X Coordinate: 5048.89

Location: Seattle, WA Y Coordinate: 5058.05
Contractor: TEG Total Depth: 9.50'

Drilling Method: Direct Push Borehole Dia.: 2.00in

Logged By: D. Wyll Static Woter Level: 6.00"

Dote(s): 08/12/98

ol
2
o o | 5 S -
| 2 |38|&5|=|5|¢E
S - . g . .pe .
= 2 Sl |lel<e| & Description/Sail Classificotion
= s 81 &) E =
) < 17 =] =] o =}
o (&) D = 2] 23] a
ML 0.0-0.2° Asphaltic concrete.
0.2-2.0" gray brown SILT, with fine sand, moist, stiff.
SP/SM 00 2.0-5.5' groy brown, fine to medium SAND, with silt, moist, dense.
1.0
5_
0.0
SM . . .
¥ X 5.5-7.0" gray brown, silty fine SAND, wet, dense.
7.0-9.5" gray brown, medium SAND, with trace silt, wet, dense.

T 0.0

10 ] Boring completed at 9.5 feet BGS.
Boring abandoned with hydrated bentonite chips.

15+
204

KCSlip4 41428

SEA407958



ERM &

ERM
915 115th Avenue LK
Suile 130

BOREHOLE LOG Site Id: MW-6

Page 1 of 1

Project Number: 6051.31

Project Name: Seatlle Air National Guard
Location: Seattle, WA

Contractor: Cascade Drilling

Drilling Method: Hollow Stem Auger

Ground Surface Elevation: 11.98'
Tap of Casing Elevation: 11.62'

X Coordinate: 5039.52

Y Coordinate: 5166.02

Static Water Level: 9.00°

Logged By: M. Amold Blank Casing:
type:Sch 40 PVC dia:2.00in  fm: Q.0 to: 5.00'
Date(s): 08/27/98
Screens:
Tota! Depth: 21.50' type: Slotted size:0.010in dia;2.00in fm: 5.00' to: 20.00'
Completed Dapth: 20.00' Annutar Fill;
) ) type:Concrete fm:0.00" to: 2.00'
Borehole Dia.: 4.25in type:Bentonite fm: 2.00' to: 4.00'
type: 10-20 Silica Sand fm: 4.00' to: 21.50
-
<
g | 8 Slel_
g o 8 | WelConstruction | & | 3 é Description/Soil Classification
£ 5|8 HEHE
©
g &5 | 4 S8 |8
vesesd CP 0.00.2' Asphattic Concrete.
SM 0.2-0.8' Gray, angular, ine GRAVEL, little sand, clay, loose (base coarse filf).
0.8-2.00 Brown, silty, fine SAND, trace to little gravel, loose, maist (fil).
SP 2.0~ Brown, fine SAND, trace to littie silt, loose, moist (fill).
d
54 13 None to little silt, trace gravel below 5.0 feet.
] 14 No field screening sample-not enough recovery.
12
J None to trace silt, no gravel below 7.5 feet.
A v Color gray below 8.0 feet.
1 L= Wet below 9.0 feet.
1 0_ 2 1
J 27
25
] 0.0
15 11
s
1
0.0
20 12
19
_____ 15 | 0.0 | Bottom of boring at 21.5 feet.

KCSlip4 41429
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ERM .
915 1182 Avanus LE BOREHOLE LO( ; Site Id: MW-8
| Suile 130
ERM & vaiat ™ Page 1 of 1
Project Number: 6051.31 Ground Surface Elevation: 14.65'
Project Name: Ssattle Air National Guard Top of Casing Elevation: 14.30'
Location: Seattle, WA X Coordinate: 5628.73
Contractor: Cascade Drilling Y Coordinate: 5418.64
Drilling Method: Hollow Stem Auger Static Water Level: 9.00'
Logged By: M. Amold Biank Casing:
type:Sch 40 PVC dia: 2.00in  fm: 0.0' to: 5.00'
Datae(s): 08/27/98
Screens:
Total Depth: 21.50' type: Slotted size:0.010in dia:2.00in  fm: 5.00' to: 20.00°
Completed Depth: 20.00' Annular Fill:
. type: Concrete fm: 0.00' to: 2.00
Borehole Dia.: 4.25in type: Bentonite fm: 2.00' to: 4.00'
type: 10-20 Silica Sand fm: 4.00' to: 21.50
g
>
2| g 1 glel -
£ 3 g | WeliConstruction | = | 3 | E Description/Soil Classification
= 4] & @ 3 a
= .8 (%) o =3
8l 8| 3 El&|a
o L] > %] [+ a
0.0-0.2 Aspnaltic Concrete. )
0.2-1.2' Gray, angular, fine GRAVEL, some sand, loose, moist (base coarse fill).
1.2-6.3' Brown, silty, fine SAND, loose, moist (fill).
B
5 15
15
sp 10 | 1.2 | 6.3-8.0 Grayish brown, fine SAND, ioose, maist.
1 SM 8.0-13.0' Gray, silty, fine SAND, loose, moist.
111 h 4 Wet below 9.0 feet.
10+ 4 Scattered layers (~1% of silt below 10.0 feet.
3
10 |10
SP 130-  Gray, fine SAND, loose, wet.
15 15
d 24
26 | 1.1
209 | o
L ) 11 | p.1 | Bottom of boring at 21.5 feet

KCSlip4 41430

SEA407960



i BOREHOLE LOG Ste1d W10

Suite
Bellevue, WA 08008
(425) 4898601

ERM

Project Number: 6051.31 Ground Surface Elevation: 15.34'

Project Name: Seattle Air National Guard Tap of Casing Elevation: 14.97'

Location: Seattle, WA X Coordinate: 5644.90

Contractor: Cascade Drilling Y Coordinate: 5321.36
Drilling Method: Hollow Stem Auger Static Water Leval: 10.00'
Logged By: M. Amold Blank Casing:
type:Sch 40 FVC dia:2.00in  im: 0.0’ to: C.00'
Date(s): 08/27/98
Screens:
Total Depth: 21.50' type:Siotted size:0.010in dia:2.00in  fm: 0.00' to: 2.00'
Completed Depth: 20.00 Annular Fill:
) ) type:Concrete fm: 0.00' to: 2.00°
Borehole Dia.: 4.25in type:Bentanite fm: 2.00' to: 4.00'
a:10-20 Silica Sand fm: 4 00' to: 21.50'
typ
)
=3
Bl g g | e
] 2 S | Wet Construction g § £ | Description/Soil Classification
£ 5|8 glz|5
@ < & & 2 o
[s] 0] 2 | D&
ML 0.0-3.5" Dark brown SILT, some fine sand, soft, moist (fil).
g Roots, trace gravel below 2.0 feet.
| SM 35-5.8' Brown, silty, fine SAND, moaist, loose, {fil}).
59 14
; sp g 0. | 587108 Bownishgray fno SAND, mois, oose.
w41 X . Wet below 10.0 feet.
J‘ | J SM 8 10.5-11.5' Brown, sitty, fine SAND, wet, loose.
IREA 13 |o
.| SP 2 11.5-  Gray, fine SAND, wet, loose.
Fine to medium SAND, trace gravel below 13 fest.
t 5 ‘ 9
12
15 |03
204 6
] 10
Lo 13 | 0.4 | Bottomofboring at 21.5 feet.
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APPENDIX C

LAND SURVEY DATA
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APPENDIX D

INVESTIGATION-DERIVED WASTE
MANAGEMENT
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APPENDIX D

INVESTIGATION-DERIVED WASTE
MANAGEMENT

Soil cuttings and decontamination water generated during drilling and direct-
push boring activities, and purge water and decontamination water generated
during groundwater sampling, were collected and stored in 55-gallon drums.
Each investigation-derived waste (IDW) drum was marked with a description of
the drum contents. The contents of the IDW drums were designated as
dangerous or non-dangerous waste in accordance with Washington State
Dangerous Waste Regulations, Washington Administrative Code (WAC)
Chapter 173-303. The waste designation for soil cuttings, purge water, and non-
methanol-containing decontamination water was based on the analytical results
for soil and groundwater samples collected during the Phase II RI. The
methanol/rinse-water mixture generated in July, August, and September 1998,
before isopropanol replaced methanol for the final decontamination spray rinse,
was designated as an F003-listed dangerous waste per WAC 173-303. This
mixture was contained in a separate drum, labeled as a dangerous waste, and
stored on site in the Station’s hazardous waste accumulation area.

The soil cuttings, purge water, and decontamination water generated in July-
September 1998 (with the exception of the methanol/rinse-water mixture), and
the purge water and decontamination water generated during subsequent
quarterly groundwater sampling events, were determined not to be a
Washington-defined dangerous waste. The soil drums were removed for
disposal by the Defense Reutilization and Marketing Office at Fort Lewis,
Washington. Non-dangerous purge water and decontamination water was
discharged to the sanitary sewer. The drum containing the methanol/rinse-
water mixture was disposed of at Burlington Environmental’s wastewater
treatment facility in Kent, Washington.

D-1
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APPENDIX E
C

REPOSITORIES OF LABORATORY
ANALYTICAL DATA PACKAGES
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5128/97 : Landmark Inc., Bellevue, Wa.
1130 140th Ave NE Suite 200
Bellevue, Wa. 98005

ATTN: Steve Becker

ERM-West, Inc

455 Capitol Mall, Suite 800

Sacramento, Calif. 95814

Seatde ANGB survey data collected on 5/27/97:
Well BSO05PZ

14.74’ Ground

14.39’ 10p PVC

14.80° North rim casing

Well BSOO6PZ
14.78" Ground
14.59" 10p PVC
15.07° South rim casing

Well BSO04PZ
14.88" Asphalt
14.66" top PVC
15.03’ Nonh rim casing

NOTE: Location and elevation of SW-1 and SW-2 requested for this survey was previously obtained and shown on
mapping supplied in 1996 ( points numbered 147 and 164 in electronic file ).

Everett ANGB survey daia collected on 5/27/97.
Well STOOSPZ

599.18' Asphalt

598.86' top PVC

569.26’ North rim casing

Well STO04PZ
598.46’ Ground
598.19" top PVC
598.54" North rim casing

Well SDO-005PZ
583.29" Asphalt
583.00" top PVC
583.40" North rim casing

Well SDO-009PZ
589.31" Asphalt
588.99" 1op PVC
589.35" North rim casing
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Copies of the original laboratory data packages are available for public examination at two
storage repositories. The repository location, address, and appropriate contact persons are

listed below:

Contact Person, Phone

Repository Location Address Number, and Facsimile
Number

241 CES/CEV Mr. Stephen Purvine

Washington Air National 104 Air Detense Lane Phone: 253-512-3205
Guard, Tacoma, Washington | Camp Murray, Washington | Facsimile: 253-512-3200

98430-5022
915 118t Avenue SE, Mr. Rob Leet

Environmental Resources Suite 130 Phone: 425-462-8591

Management Bellevue, Washington Facsimile: 425-455-3573
98005
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APPENDIXF
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QUALITY CONTROL DATA
REVIEW/VALIDATION REPORTS
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APPENDIX F.1

QUALITY CONTROL DATA
REVIEW/VALIDATION REPORT -
AUGUST-SEPTEMBER 1998 SOIL AND
GROUNDWATER DATA

Analytical data are the basis for evaluating the environmental conditions
at the Seattle Air National Guard Station (Seattle ANGS) in Seattle,
Washington. A primary objective of environmental sampling conducted
at the site is to obtain accurate data that reflect actual conditions.

This report addresses soil and groundwater analytical data collected in
August and September 1998 at the Seattle ANGS during the Phase II
Remedial Investigation (RI). To ensure that data quality was acceptable
for decision-making purposes, analytical data for this project were
reviewed and/or validated. This process identifies limitations on the use
of the data, or data that should not be used for decision-making purposes.
The quality of the data was assessed and any necessary qualifiers were
applied following the United States Environmental Protection Agency
(USEPA) Contract Laboratory Program National Functional Guidelines for
Organic Data Review (February 1994).

Environmental Resources Management (ERM) reviewed and/ or validated
data for compliance with the following quality assurance/quality control
(QA/QC) project- and/ or method-prescribed criteria:

* Holding Time: The period of time between collection of the sample
and preparation/analysis of the sample. Analyses performed for this
project have method-prescribed holding times.

* Calibration:  The analysis of target analytes at a range of
concentrations to develop a graphical plot of instrument response
against the different analyte concentrations. An initial calibration
curve establishes the graphical plot, and the continuing calibration
verification monitors daily instrument linearity against the initial
calibration.

F.11
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* Blank Samples: The preparation and analysis of samples from reagent
(contaminant-free) water.  Blank samples for this investigation
included method, trip, rinsate, and field blanks. Detections in a blank
sample indicate laboratory, handling, or field contamination.

* Internal Standards: The addition of compounds similar to target
analytes of interest that are added to sample aliquots for organic
analysis. The internal standards are used to quantitatively and
qualitatively evaluate retention time and instrument response for each
analytical run.

¢ Spike Samples: The preparation and analysis of an environmental
sample or a sample of reagent water spiked with a subset of target
analytes at known concentrations. The results of the spike analysis
measure laboratory accuracy in the reagent sample, and results from
the environmental sample spike measure potential interferences from
the sample matrix.

e Surrogate Spikes: The addition of compounds similar to target
analytes of interest that are added to sample aliquots for organic
analysis. Surrogate spikes measure possible interferences from the
sample matrix for the analysis of target analytes.

e Duplicate Samples: The preparation and analysis of an additional
aliquot of the sample. The results from duplicate analysis measure
potential heterogeneity of contaminant concentrations in the samples.

The following data qualifiers were used as appropriate during this review
and validation process:

U: The analyte was analyzed for, but was not detected above the
reported quantitation limit.

J:  The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the sample.

N: The analysis indicated the presence of an analyte for which there
was presumptive evidence to make a "tentative identification."

NJ: The analysis indicated the presence of an analyte that was
"tentatively identified" and the associated numerical value represents
its approximate concentration.

UJ: The analyte was not detected above the reported sample
quantitation limit; however, the reported quantitation limit was

F1-2
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approximate and may or may not represent the actual limit of
quantitation necessary to accurately and precisely measure the analyte
in the sample.

R: The sample results were rejected due to serious deficiencies in the
ability to analyze the sample and meet quality control criteria. The
presence or absence of the analyte could not be verified.

None of the August-September 1998 soil or groundwater data were
rejected based on the data review or validation. All of the data, including
data flagged as having estimated values, are acceptable and can be used
for decision-making purposes.

The following discussion addresses the results of the data review and
validation for each of the QA/QC components listed above. -

Holding Time

The USEPA and Washington Department of Ecology (WDOE) have
established maximum recommended holding times for the analyses
performed on the Phase II RI soil and groundwater samples. Holding
times extending beyond the maximum can negatively affect sample
integrity (e.g., loss of volatile compounds, biodegradation), and impacted
samples are qualified depending on the severity of the exceedence and the
analytes of concern. Each of the sample analysis results was reviewed for
compliance with the method-prescribed preparation and analysis holding
times. None of the analyses were performed outside of the prescribed
holding time. Accordingly, sample results were not compromised by an
excessive period between sample collection and analysis.

Calibration Results

Before an analytical instrument is used for sample analysis, the instrument
should be calibrated to within USEPA method specifications. The purpose
of this calibration is to ensure that the instrument is appropriately
responsive to measurable chemical concentrations. If an instrument is not
properly calibrated, it may not be capable of producing acceptable
quantitative, qualitative, and reproducible data. For example, positive
detections of a given analyte could contain an undetermined degree of
inaccuracy if the instrument is out of calibration, although the results may
still be considered valid. In the case of non-detected (ND) analytes, the
associated reporting limit would be similarly affected; however, such
results would still be considered NDs.

F13
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Two types of calibration data were reviewed: initial calibration
verification (ICV) and continuing calibration verification (CCV). The ICV
consisted of standards that were analyzed at either three or five
concentrations. These concentrations ranged from the reporting limit to
the upper linear range of the instrument. The laboratory evaluated the
ICVs using relative standard deviation (RSD). The reported RSDs were
compared to the method-prescribed acceptance criteria during the data
validation. Any data associated with an ICV that had target analytes with
an RSD above the acceptable method-prescribed criteria were qualified
either “],” estimated, for detected analytes, or “UJ,” estimated detection
limit, for ND analytes.

The CCV is analyzed either daily or every 12 hours to ensure the
instrument response is still within method performance criteria for
linearity. The CCV consisted of analyzing a standard at one
concentration; the concentration of this standard was generally in the mid-
range of the ICV standard concentrations. The laboratory calculated the
percent difference (%D) between CCV and the ICV. The %Ds were
compared to the method-prescribed acceptance criteria during the data
validation. Any data associated with a CCV that had target analytes with
a %D above the method-prescribed criteria were qualified either "],"
estimated, for detected analytes, or "U]," estimated detection limit, for ND
analytes.

Vinyl acetate, acetone, 2-hexanone, methylene chloride, 4-methyl-2-
pentanone, 2-butanone, and p-isopropyltoluene results for project samples
listed on Table F.1-1 were qualified "UJ," estimated detection limit, based
on an elevated RSD or %D. None of the other data required qualification
based on ICV or CCV results.

Blank Samples

Blank samples are prepared in the laboratory or in the field and are
carried through the analytical process. The purpose of a blank sample is
to test for contamination resulting from laboratory, shipping, or other
sample-handling activities. Blank samples are analyzed and evaluated for
detections of target analytes. If target analytes are detected in a blank
sample, these detections indicate that some element of the sample
collection or analysis process has introduced contaminants not present in
the original environmental sample aliquot. If target analytes are detected

F1-4
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TABLE F.1-1
Data Qualified Based on Calibration Results
143rd CCSQ, Seattle ANGS, Seattle, Washington

Analytical Calibration Associated RSD ERM
Data Package  Parameter (ICV/CCV) Date Samples Target Compound or%D  Qualifier*

808031 VOCs Icv 7/27/98  GP-28-8.0 Vinyl acetate 293 8]
GP-27-8.0 Uj

GP-26-8.0 9]

GP-25-8.0 Uj

GP-25-8.0D U

GP-24-8.0 U

GP-23-8.0 9)]

GP-32-7.0 )]

GP-30-8.0 U]

GP-31.7.5 U

GP-29-7.0 U]

GP-39-7.0 U

GP-40-6.0 UJ

GP41-6.0 U]

GP42-6.0 U

GP-38-6.0 U

GP-37-7.0 UJ

GP-36-7.0 uUJ

GP-36-7.0D U]

GP-35-7.0 U]

GP-34.7.0 uJ

GP-33.8.0 U

cCcv 8/15/98  GP-28-8.0 Acetone 318 8]
GP-27-8.0 Vinyl acetate 26.8 U]

GP-26-8.0 2-Hexanone 26.1 8]

GP-25-8.0 U

GP-25-8.0D 8))

GP-24-8.0 U]

GP-23-8.0 UJ

GP-32-7.0 U]

GP-30-8.0 8]

GP-31-7.5 U]

GP-29-7.0 U)

GP-39-7.0 U)

ccv 8/17/98  GP-40-6.0 Methylene chloride 36.5 Uj
GP-41-6.0 Viny] acetate 264 9]

GP-42-6.0 p-Isopropyltoluene 27.6 U]

GP-38-6.0 U

GP-37.7.0 U

GP-36-7.0 U

GP-36-7.0D U)

GP-35-7.0 U]

GP-34-7.0 8]}

GP-33-8.0 U

809005 VOCs cCcv 9/14/98  TB090198 Acetone 4.6 Uj
MW-1-98-1 2-Butanone 34.6 8]}

MW10-98-1 4-Methyl-2-pentanone 274 9))

MW-9.98-1 2-Hexanone 39.6 8])

BS-005PZ-98-1 UJ

F.1-5
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TABLE F.1-1

Data Qualified Based on Calibration Results
143rd CCSQ, Seattle ANGS, Seattle, Washington

Analytical ~ Calibration Associated RSD ERM
Data Package  Parameter (ICV/CCV) Date Samples Target Compound or %D  Qualifier*

809007 VOCs cCcv 9/13/98  BS-006PZ-98-1 Acetone 48 8))
TB090298 2-Butanone 44.3 0]

MW-2-98-1 4-Methyl-2-pentanone 35.8 UJ

MW-7-98-1 2-Hexanone 424 )]

MW-3-98-1 U]

MW-3-98-1D uj

MW-3-98-1R Uj

MW-5-98-1 U]

MW-6-98-1 UJ

Cccv 9/14/98  MW-8-98-1 Acetone 4.6 Ul

Mw-4-98-1 2-Butanone 34.6 UJ

BS-004PZ-98-1 4-Methyl-2-pentanone 27.4 Ul

BS-004PZ-98-1FA 2-Hexanone 39.6 [8]]

BS-004PZ-98-1FT UJ

[CV - Initial calibration verfication

CCV - Continuing calibration verification

D - Duplicate sample

FA - Field Blank prepared using ASTM Type Il water
FT - Field Blank prepared using tap water

] - The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.

R - Rinsate blank

UJ - The analyte was not detected above the reported sample quantitation limit. However, the reported quantitation limit is approximate
and may or may not represent the actual limit of quantitation necessary to accurately and precisely measure the analyte in the sample.

VOCs - Volatile organic compounds
%D - Percent difference
RSD - Relative standard deviation

*Data qualifiers applied to affected sample data points indicated.

F.1-6

KCSlip4 41445

SEA407975



FINAL

in a blank sample, then all associated data must be evaluated to determine
whether:

e Those data have been similarly impacted; or

¢ The blank detections are an isolated occurrence not representative of
other data.

The four types of blank samples analyzed and reported with the soil and
groundwater samples collected in August and September 1998 were
method, trip, rinsate, and field blank samples. Preparation, handling, and
analysis of these blank samples are summarized below.

1. Method blank samples monitor for potential laboratory contamination
of samples. Method blank samples were prepared in the laboratory by
taking an aliquot of reagent water or soil through all preparation and
analysis steps. A method blank was prepared and analyzed with each
batch of environmental samples.

2. Trip blank samples monitor for potential contamination of samples
during collection and transportation to the laboratory. Trip blank
samples were prepared by filling a volatile organics analysis (VOA)
vial with an aliquot of reagent water and sealing it with a Teflon-lined-
septum lid. The trip blank sample travels with the filled aqueous and
soil sample containers to the laboratory.

3. Rinsate blank samples monitor for potential contamination of project
samples from inadequate decontamination of sample collection
equipment. Rinsate blank samples were prepared in the field by
pouring American Society for Testing and Materials (ASTM) Type II
reagent-grade water over the decontaminated sample collection
equipment. The water was collected in clean sample containers
supplied by the laboratory. Rinsate blank samples were labeled with
an “R” identifier at the end of the sample ID.

4. Field blank samples monitor for potential contamination of project
samples from ambient conditions at the sample collection site. Field
blank samples were prepared at sample collection locations by slowly
pouring tap water or ASTM Type II water into clean sample containers
supplied by the laboratory. Field blank samples prepared with tap
water were labeled with an “FT” identifier at the end of the sample ID.
The identifier “FA” was used to designate field blank samples
prepared with ASTM Type II water.

E.1-7
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No target analytes were detected in any of the method blank samples.
The common drinking water contaminant chloroform was reported in two
tap water field blanks, one trip blank, one rinsate blank, and one project
groundwater sample. Following USEPA Functional Guidelines!, the
positive detection of chloroform in groundwater sample MW-2-98-1 was
qualified "U," ND. None of the other data required qualification based on
blank results.

Samples

A spike sample is a QC sample that is prepared and analyzed by the
laboratory. The laboratory prepares, analyzes, and reports spike sample
results to demonstrate their ability to properly analyze, detect, and
quantify target analytes. A spike sample result is typically reported as the
amount of analyte detected divided by the known amount spiked into the
sample, and is commonly referred to as percent recovery. The percent
recovery is then compared to an established limit range. 2 The two types
of spike samples analyzed with the project samples were matrix and blank
spikes.

1. Matrix spike (MS) samples consist of an aliquot of an environmental
sample that is spiked with known concentrations of a subset of target
analytes. A matrix spike duplicate (MSD) sample is a second
(duplicate) spike sample prepared and analyzed with the MS sample.
MS samples are used to monitor potential interference from the sample
matrix for target analytes. A low MS recovery may indicate low-
biased sample results; a high MS recovery may indicate high-biased
sample results.

2. Blank spike samples, commonly referred to as laboratory control
samples (LCS), consist of an aliquot of reagent water or soil that is
spiked with known concentrations of a subset of target analytes. The
LCS sample is used to monitor laboratory accuracy without the bias of
a sample matrix. LCS recoveries outside of acceptable limits may
indicate poor laboratory accuracy.

! The USEPA Contract Laboratory Program National Functional Guidelines state "Any volatile
compound detected in the sample (other than the common volatile laboratory contaminants), that
was also detected in any associated blank, is qualified if the sample concentration is less than five
times (5x) the blank concentration..”

2 In most cases, the prescribed analytical method will specify protocol to develop appropriate
limit ranges. In some cases, however, limit ranges are established by the laboratory in the method
procedures.

F1-8
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All of the MS and LCS recoveries were within acceptable limits. The
acceptable MS and LCS recoveries indicate minimal matrix interference
and acceptable laboratory accuracy for the August-September 1998 soil
and groundwater data.

Internal Standard Responses

Under USEPA methods, a given analyte list for organic compounds is
segregated by chemical properties and retention time into one or more
subsets. A USEPA-defined internal standard with comparable chemical
properties and retention times is assigned to each subset of analytes. The
laboratory adds a known concentration of an internal standard to each
sample, including laboratory QC samples (e.g., calibration standards, MS,
method blank samples), prior to analysis. The instrument internal
standard response for each sample is compared to the internal standard
response in the daily CCV. The sample internal standard area count must
be within the range of 0.5 to 2 times the CCV area count, and the retention
time must be within +30 seconds of the CCV retention time. If the area
count and/or retention time measured for the sample is outside the
acceptable range, quantitation results for the associated analyte subset
may be biased. Interferences from the sample matrix are typically
responsible for internal standard responses that are consistently outside
acceptable ranges; most matrix interferences cause a consistently high or
low bias.

Internal standards were added to each of the project samples analyzed for
VOCs. All of the internal standard responses were within acceptable
limits, indicating minimal matrix interference and acceptable sample
quantitation.

Surrogate Spikes

A surrogate spike is similar to an internal standard; it is chemically similar
to the target analytes and is only used in organic analyses. The difference
between surrogate spikes and internal standards is that surrogate spikes
are used only to assess possible interferences from the sample matrix,
whereas internal standards are used to quantitate target analytes while
accounting for any interferences from the sample matrix. Surrogate spike
results are typically reported in terms of percent recovery, which is
calculated by dividing the amount of surrogate detected in the sample by
the known amount of surrogate added to the sample.

F1-9

KCSlip4 41448

SEA407978



FINAL

For the August-September 1998 soil and groundwater data, surrogate
recoveries were compared to the laboratory-generated limits of
acceptance. The surrogate recoveries were within acceptable limits,
indicating that sample results were subject to minimal interferences from
the sample matrix.

Duplicate Samples

A duplicate sample is a second aliquot of a sample that is treated the same
as the primary sample. A duplicate sample analysis is performed to
measure the precision of the method and possible heterogeneity of analyte
concentrations in the sample matrix. Duplicate field samples are collected
to measure matrix heterogeneity.

Laboratory duplicate analyses for the project samples consisted of matrix
spike duplicate analyses. The laboratory calculated the relative percent
difference (RPD) between the two detected values as applicable. The
calculated RPDs were compared to method-prescribed or laboratory-
generated acceptable limits. Field duplicate samples also were collected
and submitted for analysis. No target analytes were detected in the field
duplicate samples or the associated primary samples.

The duplicate sample RPDs were within acceptable limits. The laboratory
RPDs and field duplicate sample results indicate acceptable analytical
accuracy and minimal matrix heterogeneity.

Qverall Assessment

None of the Seattle ANGS Phase II RI analytical data for samples collected
in August and September 1998 were rejected. The data set is 100 percent
complete and meets the project goal for completeness. Qualified data can
be used for decision-making purposes; however, the limitations identified
by the qualifiers should be considered when using the data. The quality
of the August-September 1998 soil and groundwater analytical data is
acceptable for the preparation of technically defensible documents.

F.1-10
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APPENDIX F.2

QUALITY CONTROL DATA
VALIDATION REPORT - NOVEMBER 1998
GROUNDWATER DATA

Analytical data are the basis for evaluating the environmental conditions
at the Seattle Air National Guard Station (Seattle ANGS) in Seattle,
Washington. A primary objective of environmental sampling conducted
at the site is to obtain accurate data that reflect actual conditions.

This report addresses groundwater analytical data collected in November
1998 at the Seattle ANGS during the Phase II Remedial Investigation (RI).
Eighteen groundwater samples were analyzed for volatile organic
analytes using United States Environmental Protection Agency (USEPA)
Method 8260. To ensure that data quality was acceptable for decision-
making purposes, analytical data for this project were validated. This
process identifies limitations on the use of the data, or data that should
not be used for decision-making purposes. The quality of the data was
assessed and any necessary qualifiers were applied following the USEPA
Contract Laboratory Program National Functional Guidelines for Organic Data
Review (February 1994).

Environmental Resources Management (ERM) validated data for
compliance with the following quality assurance/quality control
(QA/QC) project- and/ or method-prescribed criteria:

* Holding Time: The period of time between collection of the sample
and preparation/analysis of the sample. Analyses performed for this
project have method-prescribed holding times.

* Calibration:  The analysis of target analytes at a range of
concentrations to develop a graphical plot of instrument response
against the different analyte concentrations. An initial calibration
curve establishes the graphical plot, and the continuing calibration
verification monitors daily instrument linearity against the initial
calibration.

F.2-1
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» Blank Samples: The preparation and analysis of samples from reagent
(contaminant-free) water.  Blank samples for this investigation
included method, trip, rinsate, and field blanks. Detections in a blank
sample indicate laboratory, handling, or field contamination.

+ Internal Standards: The addition of compounds similar to target
analytes of interest that are added to sample aliquots for organic
analysis. The internal standards are used to quantitatively and
qualitatively evaluate retention time and instrument response for each
analytical run.

¢ Spike Samples: The preparation and analysis of an environmental
sample or a sample of reagent water spiked with a subset of target
analytes at known concentrations. The results of the spike analysis
measure laboratory accuracy in the reagent sample, and results from
the environmental sample spike measure potential interferences from
the sample matrix.

» Surrogate Spikes: The addition of compounds similar to target
analytes of interest that are added to sample aliquots for organic
analysis. Surrogate spikes measure possible interferences from the
sample matrix for the analysis of target analytes.

e Duplicate Samples: The preparation and analysis of an additional
aliquot of the sample. The results from duplicate analysis measure
potential heterogeneity of contaminant concentrations in the samples.

The following data qualifiers were used as appropriate during this
validation process:

U: The analyte was analyzed for, but was not detected above the
reported quantitation limit.

J:  The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the sample.

N: The analysis indicated the presence of an analyte for which there
was presumptive evidence to make a "tentative identification.”

NJ: The analysis indicated the presence of an analyte that was
"tentatively identified" and the associated numerical value represents
its approximate concentration.

U]: The analyte was not detected above the reported sample
quantitation limit; however, the reported quantitation limit was
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approximate and may or may not represent the actual limit of
quantitation necessary to accurately and precisely measure the analyte
in the sample. -

R: The sample results were rejected due to serious deficiencies in the
ability to analyze the sample and meet quality control criteria. The
presence or absence of the analyte could not be verified.

None of the November 1998 groundwater data were rejected or qualified
based on the data validation. All of the data are acceptable and can be
used for decision-making purposes.

The following discussion addresses the results of the data validation for
each of the QA /QC components listed above.

Holding Time

The USEPA has established maximum recommended holding times for
the analyses performed on the Phase II RI groundwater samples. Holding
times extending beyond the maximum can negatively affect sample
integrity (e.g., loss of volatile compounds, biodegradation), and impacted
samples are qualified depending on the severity of the exceedence and the
analytes of concern. The maximum holding time for USEPA Method 8260
is 14 days from the date of collection for preserved samples and 7 days
from date of collection for unpreserved samples. Each of the sample
analysis results was reviewed for compliance with the method-prescribed
preparation and analysis holding times. None of the analyses were
performed outside of the prescribed holding time. Accordingly, sample
results were not compromised by an excessive period between sample
collection and analysis.

Calibration Results

Before an analytical instrument is used for sample analysis, the instrument
should be calibrated to within USEPA method specifications. The purpose
of this calibration is to ensure that the instrument is appropriately
responsive to measurable chemical concentrations. If an instrument is not
properly calibrated, it may not be capable of producing acceptable
quantitative, qualitative, and reproducible data. For example, positive
detections of a given analyte could contain an undetermined degree of
inaccuracy if the instrument is out of calibration, although the results may
still be considered valid. In the case of non-detected (ND) analytes, the
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associated reporting limit would be similarly affected; however, such
results would still be considered NDs.

Two types of calibration data were reviewed: initial calibration
verification (ICV) and continuing calibration verification (CCV). The ICV
consisted of standards that were analyzed at five or more concentrations.
These concentrations ranged from the reporting limit to the upper linear
range of the instrument. Average response factors from the ICV were
used to calculate sample results. The laboratory evaluated the ICVs using
relative standard deviation (RSD). The reported RSDs were compared to
the method-prescribed acceptance criteria during the data validation.
None of the ICV RSDs exceeded the acceptable method-prescribed
criteria. Accordingly, none of the data were qualified based on the initial
calibration results.

The CCV is analyzed either daily or every 12 hours to ensure the
instrument response is still within method performance criteria for
linearity. The CCV consisted of analyzing a standard at one
concentration; the concentration of this standard was generally in the mid-
range of the ICV standard concentrations. The laboratory calculated the
percent difference (%D) between CCV and the ICV. The %Ds were
compared to the method-prescribed acceptance criteria during the data
validation. The CCV %Ds were below the method-prescribed criteria;
accordingly, none of the data were qualified based on the CCV results.

Blank Samples

Blank samples are prepared in the laboratory or in the field and are
carried through the analytical process. The purpose of a blank sample is
to test for contamination resulting from laboratory, shipping, or other
sample-handling activities. Blank samples are analyzed and evaluated for
detections of target analytes. If target analytes are detected in a blank
sample, these detections indicate that some element of the sample
collection or analysis process has introduced contaminants not present in
the original environmental sample aliquot. If target analytes are detected
in a blank sample, then all associated data must be evaluated to determine
whether:

o Those data have been similarly impacted; or

¢ The blank detections are an isolated occurrence not representative of
other data.
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The four types of blank samples analyzed and reported with the
groundwater samples collected in November 1998 were method, trip,
rinsate, and field blank samples. Preparation, handling, and analysis of
these blank samples are summarized below.

1. Method blank samples monitor for potential laboratory contamination
of samples. Method blank samples were prepared in the laboratory by
taking an aliquot of reagent water through all preparation and analysis
steps. A method blank was prepared and analyzed with each batch of
environmental samples.

2. Trip blank samples monitor for potential contamination of samples
during collection and transportation to the laboratory. Trip blank
samples were prepared by filling a volatile organics analysis (VOA)
vial with an aliquot of reagent water and sealing it with a Teflon-lined-
septum lid. The trip blank sample travels with the filled aqueous
sample containers to the laboratory.

3. Rinsate blank samples monitor for potential contamination of project
samples from inadequate decontamination of sample collection
equipment. Rinsate blank samples were prepared in the field by
pouring American Society for Testing and Materials (ASTM) Type 1I
reagent-grade water over the decontaminated sample collection
equipment. The water was collected in clean sample containers
supplied by the laboratory. Rinsate blank samples were labeled with
an “R” identifier at the end of the sample ID.

4. Field blank samples monitor for potential contamination of project
samples from ambient conditions at the sample collection site. Field
blank samples were prepared at sample collection locations by slowly
pouring tap water or ASTM Type Il water into clean sample containers
supplied by the laboratory. Field blank samples prepared with tap
water were labeled with an “FT” identifier at the end of the sample ID.
The identifier “FA” was used to designate field blank samples
prepared with ASTM Type II water.

No target analytes were detected in any of the method blank samples.
The common drinking water contaminants chloroform and
bromodichloromethane were reported in the tap water field blank sample.
None of the data required qualification based on blank results.
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Spike Samples

A spike sample is a QC sample that is prepared and analyzed by the
laboratory. The laboratory prepares, analyzes, and reports spike sample
results to demonstrate their ability to properly analyze, detect, and
quantify target analytes. A spike sample result is typically reported as the
amount of analyte detected divided by the known amount spiked into the
sample, and is commonly referred to as percent recovery. The percent
recovery is then compared to an established limit range.? The two types
of spike samples analyzed with the project samples were matrix and blank
spikes.

1. Matrix spike (MS) samples consist of an aliquot of an environmental
sample that is spiked with known concentrations of a subset of target
analytes. A matrix spike duplicate (MSD) sample is a second
(duplicate) spike sample prepared and analyzed with the MS sample.
MS samples are used to monitor potential interference from the sample
matrix for target analytes. A low MS recovery may indicate low-
biased sample results; a high MS recovery may indicate high-biased
sample results.

2. Blank spike samples, commonly referred to as laboratory control
samples (LCS), consist of an aliquot of reagent water that is spiked
with known concentrations of a subset of target analytes. The LCS
sample is used to monitor laboratory accuracy without the bias of a
sample matrix. LCS recoveries outside of acceptable limits may
indicate poor laboratory accuracy.

All of the MS and LCS recoveries were within acceptable limits. The
acceptable MS and LCS recoveries indicate minimal matrix interference
and acceptable laboratory accuracy for the November 1998 groundwater
data.

Internal Standard Responses

Under USEPA methods, a given analyte list for organic compounds is
segregated by chemical properties and retention time into one or more
subsets. A USEPA-defined internal standard with comparable chemical
properties and retention times is assigned to each subset of analytes. The

! In most cases, the prescribed analytical method will specify protocol to develop appropriate
limit ranges. In some cases, however, limit ranges are established by the laboratory in the method
procedures.
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laboratory adds a known concentration of an internal standard to each
sample, including laboratory QC samples (e.g., calibration standards, MS,
method blank samples), prior to analysis. The instrument internal
standard response for each sample is compared to the internal standard
response in the daily CCV. The sample internal standard area count must
be within the range of 0.5 to 2 times the CCV area count, and the retention
time must be within +30 seconds of the CCV retention time. If the area
count and/or retention time measured for the sample is outside the
acceptable range, quantitation results for the associated analyte subset
may be biased. Interferences from the sample matrix are typically
-responsible for internal standard responses that are consistently outside
acceptable ranges; most matrix interferences cause a consistently high or

low bias.

Internal standards were added to each of the project samples analyzed for
VOCs. All of the internal standard responses were within acceptable
limits, indicating minimal matrix interference and acceptable sample
quantitation.

Surrogate Spikes

A surrogate spike is similar to an internal standard; it is chemically similar
to the target analytes and is only used in organic analyses. The difference
between surrogate spikes and internal standards is that surrogate spikes
are used only to assess possible interferences from the sample matrix,
whereas internal standards are used to quantitate target analytes while
accounting for any interferences from the sample matrix. Surrogate spike
results are typically reported in terms of percent recovery, which is
calculated by dividing the amount of surrogate detected in the sample by
the known amount of surrogate added to the sample.

For the November 1998 groundwater data, surrogate recoveries were
compared to the laboratory-generated limits of acceptance. The surrogate
recoveries were within acceptable limits, indicating that sample results
were subject to minimal interferences from the sample matrix.

Duplicate Samples

A duplicate sample is a second aliquot of a sample that is treated the same
as the primary sample. A duplicate sample analysis is performed to
measure the precision of the method and possible heterogeneity of analyte
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concentrations in the sample matrix. Duplicate field samples are collected
to measure matrix heterogeneity.

Laboratory duplicate analyses for the project samples consisted of matrix
spike duplicate analyses. The laboratory calculated the relative percent
difference (RPD) between the two detected values as applicable. The
calculated RPDs were compared to method-prescribed or laboratory-
generated acceptable limits. A field duplicate sample also was collected
and submitted for analysis. No target analytes were detected in the field
duplicate samples or the associated primary samples.

The duplicate sample RPDs were within acceptable limits. The laboratory
RPDs and field duplicate sample results indicate acceptable analytical
accuracy and minimal matrix heterogeneity.

Overall Assessment

None of the Seattle ANGS Phase II RI analytical data for samples collected
in November 1998 were qualified or rejected. The data set is 100 percent
complete and meets the project goal for completeness. The November
1998 groundwater analytical data can be used for decision-making
purposes, and the quality of the data is acceptable for the preparation of
technically defensible documents.
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APPENDIX F.3

QUALITY CONTROL DATA
VALIDATION REPORT -~ FEBRUARY 1999
GROUNDWATER DATA

Analytical data are the basis for evaluating the environmental conditions
at the Seattle Air National Guard Station (Seattle ANGS) in Seattle,
Washington. A primary objective of environmental sampling conducted
at the site is to obtain accurate data that reflect actual conditions.

This report addresses groundwater analytical data collected in February
1999 at the Seattle ANGS during the Phase II Remedial Investigation (RI).
Eighteen groundwater samples were analyzed for volatile organic
analytes using United States Environmental Protection Agency (USEPA)
Method 8260. To ensure that data quality was acceptable for decision-
making purposes, analytical data for this project were validated. This
process identifies limitations on the use of the data, or data that should
not be used for decision-making purposes. The quality of the data was
assessed and any necessary qualifiers were applied following the USEPA
Contract Laboratory Program National Functional Guidelines for Organic Data
Review (February 1994).

Environmental Resources Management (ERM) validated data for
compliance with the following quality assurance/quality control
(QA/QC) project- and/ or method-prescribed criteria:

e Holding Time: The period of time between collection of the sample
and preparation/analysis of the sample. Analyses performed for this
project have method-prescribed holding times.

» Calibrationn  The analysis of target analytes at a range of
concentrations to develop a graphical plot of instrument response
against the different analyte concentrations. An initial calibration
curve establishes the graphical plot, and the continuing calibration
verification monitors daily instrument linearity against the initial
calibration.
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* Blank Samples: The preparation and analysis of samples from reagent
(contaminant-free) water. Blank samples for this investigation
included method, trip, rinsate, and field blanks. Detections in a blank
sample indicate laboratory, handling, or field contamination.

* Internal Standards: The addition of compounds similar to target
analytes of interest that are added to sample aliquots for organic
analysis. The internal standards are used to quantitatively and
qualitatively evaluate retention time and instrument response for each
analytical run.

¢ Spike Samples: The preparation and analysis of an environmental
sample or a sample of reagent water spiked with a subset of target
analytes at known concentrations. The results of the spike analysis
measure laboratory accuracy in the reagent sample, and results from
the environmental sample spike measure potential interferences from
the sample matrix.

e Surrogate Spikes: The addition of compounds similar to target
analytes of interest that are added to sample aliquots for organic
analysis. Surrogate spikes measure possible interferences from the
sample matrix for the analysis of target analytes.

e Duplicate Samples: The preparation and analysis of an additional
aliquot of the sample. The results from duplicate analysis measure
potential heterogeneity of contaminant concentrations in the samples.

The following data qualifiers were used as appropriate during this
validation process:

U: The analyte was analyzed for, but was not detected above the
reported quantitation limit.

J: The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the sample.

N: The analysis indicated the presence of an analyte for which there
was presumptive evidence to make a "tentative identification."

NJ: The analysis indicated the presence of an analyte that was
"tentatively identified" and the associated numerical value represents
its approximate concentration.

UJ: The analyte was not detected above the reported sample
quantitation limit; however, the reported quantitation limit was
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approximate and may or may not represent the actual limit of
quantitation necessary to accurately and precisely measure the analyte
in the sample.

R: The sample results were rejected due to serious deficiencies in the
ability to analyze the sample and meet quality control criteria. The
presence or absence of the analyte could not be verified.

None of the February 1999 groundwater data were rejected based on the
data validation. All of the data, including data flagged as having
estimated values, are acceptable and can be used for decision-making

purposes.

The following discussion addresses the results of the data validation for
each of the QA/QC components listed above.

Holding Time

The USEPA has established maximum recommended holding times for
the analyses performed on the Phase II RI groundwater samples. Holding
times extending beyond the maximum can negatively affect sample
integrity (e.g., loss of volatile compounds, biodegradation), and impacted
samples are qualified depending on the severity of the exceedence and the
analytes of concern. The maximum holding time for USEPA Method 8260
is 14 days from the date of collection for preserved samples and 7 days
from date of collection for unpreserved samples. Each of the sample
analysis results was reviewed for compliance with the method-prescribed
preparation and analysis holding times.

None of the initial analyses were performed outside of the prescribed
holding time. Three samples were reanalyzed one day after the holding
time had expired, to confirm out-of-limit surrogate recoveries.
Consequently, the results from the second analysis were qualified “J,”
estimated, for detected compounds, and “U]J,” estimated detection limit,
for compounds that were not detected.

The results of the reanalysis were selected as secondary results; the initial
analyses of these samples should be used for groundwater quality
evaluations. Accordingly, sample results were not compromised by an
excessive period between sample collection and analysis.
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Calibration Results

Before an analytical instrument is used for sample analysis, the instrument
should be calibrated to within USEPA method specifications. The purpose
of this calibration is to ensure that the instrument is appropriately
responsive to measurable chemical concentrations. If an instrument is not
properly calibrated, it may not be capable of producing acceptable
quantitative, qualitative, and reproducible data. For example, positive
detections of a given analyte could contain an undetermined degree of
inaccuracy if the instrument is out of calibration, although the results may
still be considered valid. In the case of non-detected (ND) analytes, the
associated reporting limit would be similarly affected; however, such
results would still be considered NDs.

Two types of calibration data were reviewed: initial calibration
verification (ICV) and continuing calibration verification (CCV). The ICV
consisted of standards that were analyzed at five or more concentrations.
These concentrations ranged from the reporting limit to the upper linear
range of the instrument. Average response factors from the ICV were
used to calculate sample results. The laboratory evaluated the ICVs using
relative standard deviation (RSD). The reported RSDs were compared to
the method-prescribed acceptance criteria during the data validation.
Any data associated with an ICV that had target analytes with an RSD
above the acceptable method-prescribed criteria were qualified either “J,”
estimated, for detected analytes, or “U],” estimated detection limit, for ND
analytes.

The CCV is analyzed either daily or every 12 hours to ensure the
instrument response is still within method performance criteria for
linearity.  The CCV consisted of analyzing a standard at one
concentration; the concentration of this standard was generally in the mid-
range of the ICV standard concentrations. The laboratory calculated the
percent difference (%D) between CCV and the ICV. The %Ds were
compared to the method-prescribed acceptance criteria during the data
validation. Any data associated with a CCV that had target analytes with
a %D above the method-prescribed criteria were qualified either '[,"
estimated, for detected analytes, or "U]J," estimated detection limit, for ND
analytes.

The results for the target compounds and project samples listed on Table
F.3-1 were qualified "U]," estimated detction limit, based on an elevated
RSD or %D. None of the other data required qualification based on ICV
or CCV results.
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TABLE F.3-1

Data Qualified Based on Calibration Results
143rd CCSQ, Seattle ANGS, Seattle, Washington

Analytical Calibration Associated RSD ERM
Data Package  Parameter  (ICV/CCV) Date Samples Target Compound or %D  Qualifier*
902035 VOCs ICV 2/4/99  All those listed Chloroethane 20.5 uJ
below. trans-1,2-Dichloroethane 18.4 uy
cev 3/9/99  TB022499-1 Chloromethane 210 Uy
BS-006PZ-99-1 Chloroethane 28.7 uy
MW-9-99.1 Acetone 51.4 uy
MW-10-99-1 Vinyl Acetate 48.4 8)}
MW-1-99-1 2-Butanone 36.1 [9))
BS-005PZ-99-1 1,2-Dichloroethane 281 uUJ
cis-1,3-Dichloropropene 25.1 uJ
4-Methyl-2-Pentanone 26.5 Uj
2-Hexanone 4.0 Uj
Bromoform 26.6 8))
ccv 3/11/99  MW-6-99-1 Chloromethane 39.5 U
MW-5-99-1 Vinyl Chloride 345 9}
TB022599-1 Chloroethane 42.6 (8]}
MW-3.99-1 Vinyl Acetate 1109 U]
MW-7-99-1 cis-1,2-Dichloroethene 30.2 Uy
1,2-Dichloroethane 249 8))
cis-1,3-Dichloropropene 387 8]}
trans-1,3-Dichloropropene 26.6 9]
1,1,2,2 -Tetrachloroethene 57.9 uJ
p-isopropyltoluene 215 8]}
ccv 3/10/99 BS-004PZ-99-1 Chloromethane 247 18)]
MW-2-99-1 Vinyl Chloride 232 Ul
MW-8-99-1FT Chloroethane 365 U]
MW.98-99-1FA Vinyl Acetate 37.6 uj
MW.8-99-1 1,2-Dichloroethane 259 uj
MW-8-99-1D cis-1,3-Dichloropropene 29.0 8]
MW-4-99-1-R 1,1,2,2-Tetrachloroethane 34.6 U}
MW-4-99-1
MW-4-99-1D

ICV= Initial calibration verification

CCV= Continuing calibration verification
RSD = Relative standard deviation

%D = Percent difference
VOCs = Volatile organic compounds
D = Duplicate sample
FA = Field blank prepared using ASTM Type Il water
FT = Field blank prepared using tap water
U] = Reported detection limits for the listed compounds and samples are estimated concentrations.
* Data qualifiers applied to affected sample data peints indicated.
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Blank Samples

Blank samples are prepared in the laboratory or in the field and are
carried through the analytical process. The purpose of a blank sample is
to test for contamination resulting from laboratory, shipping, or other
sample-handling activities. Blank samples are analyzed and evaluated for
detections of target analytes. If target analytes are detected in a blank
sample, these detections indicate that some element of the sample
collection or analysis process has introduced contaminants not present in
the original environmental sample aliquot. If target analytes are detected
in a blank sample, then all associated data must be evaluated to determine
whether:

¢ Those data have been similarly impacted; or

¢ The blank detections are an isolated occurrence not representative of
other data.

The four types of blank samples analyzed and reported with the
groundwater samples collected in February 1999 were method, trip,
rinsate, and field blank samples. Preparation, handling, and analysis of
these blank samples are summarized below.

1. Method blank samples monitor for potential laboratory contamination
of samples. Method blank samples were prepared in the laboratory by
taking an aliquot of reagent water through all preparation and analysis
steps. A method blank was prepared and analyzed with each batch of
environmental samples.

2. Trip blank samples monitor for potential contamination of samples
during collection and transportation to the laboratory. Trip blank
samples were prepared by filling a volatile organics analysis (VOA)
vial with an aliquot of reagent water and sealing it with a Teflon-lined-
septum lid. The trip blank sample travels with the filled aqueous
sample containers to the laboratory.

3. Rinsate blank samples monitor for potential contamination of project
samples from inadequate decontamination of sample collection
equipment. Rinsate blank samples were prepared in the field by
pouring American Society for Testing and Materials (ASTM) Type 1
reagent-grade water over the decontaminated sample collection
equipment. The water was collected in clean sample containers
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supplied by the laboratory. Rinsate blank samples were labeled with
an “R” identifier at the end of the sample ID.

4. Field blank samples monitor for potential contamination of project
samples from ambient conditions at the sample collection site. Field
blank samples were prepared at sample collection locations by slowly
pouring tap water or ASTM Type II water into clean sample containers
supplied by the laboratory. Field blank samples prepared with tap
water were labeled with an “FT” identifier at the end of the sample ID.
The identifier “FA” was used to designate field blank samples
prepared with ASTM Type II water.

No target analytes were detected in any of the blank samples. None of the
data required qualification based on the blank results.

Spike Samples

A spike sample is a QC sample that is prepared and analyzed by the
laboratory. The laboratory prepares, analyzes, and reports spike sample
results to demonstrate their ability to properly analyze, detect, and
quantify target analytes. A spike sample result is typically reported as the
amount of analyte detected divided by the known amount spiked into the
sample, and is commonly referred to as percent recovery. The percent
recovery is then compared to an established limit range.! The two types
of spike samples analyzed with the project samples were matrix and blank
spikes.

1. Matrix spike (MS) samples consist of an aliquot of an environmental
sample that is spiked with known concentrations of a subset of target
analytes. A matrix spike duplicate (MSD) sample is a second
(duplicate) spike sample prepared and analyzed with the MS sample.
MS samples are used to monitor potential interference from the sample
matrix for target analytes. A low MS recovery may indicate low-
biased sample results; a high MS recovery may indicate high-biased
sample results.

2. Blank spike samples, commonly referred to as laboratory control
samples (LCS), consist of an aliquot of reagent water that is spiked
with known concentrations of a subset of target analytes. The LCS

1 In most cases, the prescribed analytical method will specify protocol to develop appropriate
limit ranges. In some cases, however, limit ranges are established by the laboratory in the method
procedures.
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sample is used to monitor laboratory accuracy without the bias of a
sample matrix. LCS recoveries outside of acceptable limits may
indicate poor laboratory accuracy.

All but two of the MS and LCS recoveries were within acceptable limits.
The 1,1-dichloroethene and benzene recoveries of 135 and 121 percent,
respectively, were above the upper control limits for the LCS analyzed on
10 March 1999. Neither of these compounds was reported in any of the
associated samples, therefore none of the data required qualification. The
acceptable MS and LCS recoveries indicate minimal matrix interference
and acceptable laboratory accuracy for the February 1999 groundwater
data.

Internal Standard Responses

Under USEPA methods, a given analyte list for organic compounds is
segregated by chemical properties and retention time into one or more
subsets. A USEPA-defined internal standard with comparable chemical
properties and retention times is assigned to each subset of analytes. The
laboratory adds a known concentration of an internal standard to each
sample, including laboratory QC samples (e.g., calibration standards, MS,
method blank samples), prior to analysis. The instrument internal
standard response for each sample is compared to the internal standard
response in the daily CCV. The sample internal standard area count must
be within the range of 0.5 to 2 times the CCV area count, and the retention
time must be within +30 seconds of the CCV retention time. If the area
count and/or retention time measured for the sample is outside the
acceptable range, quantitation results for the associated analyte subset
may be biased. Interferences from the sample matrix are typically
responsible for internal standard responses that are consistently outside
acceptable ranges; most matrix interferences cause a consistently high or
low bias.

Internal standards were added to each of the project samples analyzed for
VOCs. All of the internal standard responses were within acceptable
limits, indicating minimal matrix interference and acceptable sample
quantitation.

Surrogate Spikes

A surrogate spike is similar to an internal standard; it is chemically similar
to the target analytes and is only used in organic analyses. The difference
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between surrogate spikes and internal standards is that surrogate spikes
are used only to assess possible interferences from the sample matrix,
whereas internal standards are used to quantitate target analytes while
accounting for any interferences from the sample matrix. Surrogate spike
results are typically reported in terms of percent recovery, which is
calculated by dividing the amount of surrogate detected in the sample by
the known amount of surrogate added to the sample.

For the February 1999 groundwater data, surrogate recoveries were
compared to the laboratory-generated limits of acceptance. Three samples
were qualified due to surrogate recoveries that were below method
requirements (Table F.3-2). Detected compound results associated with
the listed surrogate were qualified “],” estimated; non-detected compound
results were qualified “UJ,” estimated detection limit. The surrogate
recoveries for the remaining samples were within acceptable limits,
indicating that sample results were subject to minimal interferences from
the sample matrix.

Duplicate Samples

A duplicate sample is a second aliquot of a sample that is treated the same
as the primary sample. A duplicate sample analysis is performed to
measure the precision of the method and possible heterogeneity of analyte
concentrations in the sample matrix. Duplicate field samples are collected
to measure matrix heterogeneity.

Laboratory duplicate analyses for the project samples consisted of matrix
spike duplicate analyses. The laboratory calculated the relative percent
difference (RPD) between the two detected values as applicable. The
calculated RPDs were compared to method-prescribed or laboratory-
generated acceptable limits. Two field duplicate samples also were
collected and submitted for analysis (Table F.3-3).

The duplicate sample RPDs were within acceptable limits. The laboratory
RPDs and field duplicate sample results indicate acceptable analytical
accuracy and minimal matrix heterogeneity.

Overall Assessment
None of the Seattle ANGS Phase II RI analytical data for samples collected
in February 1999 were rejected. The data set is 100 percent complete and
meets the project goal for completeness. Unqualified data can be used for
decision-making purposes. Qualified data also can be used for decision-
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TABLE F.3-2

Surrogate Recovery Results Outside of Acceptable Limits
143rd CCSQ, Seattle ANGS, Seattle, Washington

Data Analytical Control ERM
Package Sample ID Method  Surrogate % Recovery Limit Qualifier*

902035 MW-4-99-1R 8260 1,2-Dichloroethane-d4 80 81-130 J/U]

MW-4-99-1 8260 1,2-Dichloroethane-d4 79 81-130 /Uy

MW-4-99-1D 8260 1,2-Dichloroethane-d4 78 81-130 /U]

R = Rinsate sample

D = Duplicate sample
] = Reported values for detected analytes associated with the listed surrogate are estimated concentrations.

UJ = Reported detection limits for analytes associated with the listed surrogate are estimated concentrations.
8260 = USEPA Method 8260 (volatile organic compounds)
*Data qualifiers apply to listed samples.
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TABLE F.3-3

Field Duplicate Sample Results and Qualifiers
143rd CCSQ, Seattle ANGS, Seattle, Washington

Detection

Data Primary Limit Primary Sample Duplicate Sample ERM
Package  Sample ID Detected Analytes (ng/L) Concentration (ug/L) Concentration (ug/L) RPD Qualifier
902035 MW-8-99-1 cis-1,2-Dichloroethene 1 39 42 37 None
Trichloroethene 1 83 87 24 None
MW-4-99-1 Trichloroethene 1 26 26 0.0 None
RPD = Relative percent difference
F.3-11
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making purposes; however, the limitations identified by the qualifiers
should be considered when using the data. The quality of the February
1999 groundwater analytical data is acceptable for the preparation of
technically defensible documents.
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APPENDIX F.4

QUALITY CONTROL DATA
VALIDATION REPORT ~ MAY 1999
GROUNDWATER DATA

Analytical data are the basis for evaluating the environmental conditions
at the Seattle Air National Guard Station (Seattle ANGS) in Seattle,
Washington. A primary objective of environmental sampling conducted
at the site is to obtain accurate data that reflect actual conditions.

This report addresses groundwater analytical data collected in May 1999
at the Seattle ANGS during the Phase II Remedial Investigation (RI).
Eighteen groundwater samples were analyzed for volatile organic
analytes using United States Environmental Protection Agency (USEPA)
Method 8260. To ensure that data quality was acceptable for decision-
making purposes, analytical data for this project were validated. This
process identifies limitations on the use of the data, or data that should
not be used for decision-making purposes. The quality of the data was
assessed and any necessary qualifiers were applied following the USEPA
Contract Laboratory Program National Functional Guidelines for Organic Data
Review (February 1994).

Environmental Resources Management (ERM) validated data for
compliance with the following quality assurance/quality control
(QA/QC) project- and/ or method-prescribed criteria:

* Holding Time: The period of time between collection of the sample
and preparation/analysis of the sample. Analyses performed for this
project have method-prescribed holding times.

* C(alibration:  The analysis of target analytes at a range of
concentrations to develop a graphical plot of instrument response
against the different analyte concentrations. An initial calibration
curve establishes the graphical plot, and the continuing calibration
verification monitors daily instrument linearity against the initial
calibration.
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* Blank Samples: The preparation and analysis of samples from reagent
(contaminant-free) water.  Blank samples for this investigation
included method, trip, rinsate, and field blanks. Detections in a blank
sample indicate laboratory, handling, or field contamination.

¢ Internal Standards: The addition of compounds similar to target
analytes of interest that are added to sample aliquots for organic
analysis. The internal standards are used to quantitatively and
qualitatively evaluate retention time and instrument response for each
analytical run.

e Spike Samples: The preparation and analysis of an environmental
sample or a sample of reagent water spiked with a subset of target
analytes at known concentrations. The results of the spike analysis
measure laboratory accuracy in the reagent sample, and results from
the environmental sample spike measure potential interferences from
the sample matrix.

e Surrogate Spikes: The addition of compounds similar to target
analytes of interest that are added to sample aliquots for organic
analysis. Surrogate spikes measure possible interferences from the
sample matrix for the analysis of target analytes.

e Duplicate Samples: The preparation and analysis of an additional
aliquot of the sample. The results from duplicate analysis measure
potential heterogeneity of contaminant concentrations in the samples.

The following data qualifiers were used as appropriate during this
validation process:

U: The analyte was analyzed for, but was not detected above the
reported quantitation limit.

J:  The analyte was positively identified; the associated numerical
value is the approximate concentration of the analyte in the sample.

N: The analysis indicated the presence of an analyte for which there
was presumptive evidence to make a "tentative identification."

NJ: The analysis indicated the presence of an analyte that was
"tentatively identified" and the associated numerical value represents
its approximate concentration.

UJ: The analyte was not detected above the reported sample
quantitation limit; however, the reported quantitation limit was
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approximate and may or may not represent the actual limit of
quantitation necessary to accurately and precisely measure the analyte
in the sample. ‘

R: The sample results were rejected due to serious deficiencies in the
ability to analyze the sample and meet quality control criteria. The
presence or absence of the analyte could not be verified.

None of the May 1999 groundwater data were rejected based on the data
validation. All of the data, including data flagged as having estimated
values, are acceptable and can be used for decision-making purposes.

The following discussion addresses the results of the data validation for
each of the QA/QC components listed above.

Holding Time

The USEPA has established maximum recommended holding times for
the analyses performed on the Phase II RI groundwater samples. Holding
times extending beyond the maximum can negatively affect sample
integrity (e.g., loss of volatile compounds, biodegradation), and impacted
samples are qualified depending on the severity of the exceedence and the
analytes of concern. The maximum holding time for USEPA Method 8260
is 14 days from the date of collection for preserved samples and 7 days
from date of collection for unpreserved samples. Each of the sample
analysis results was reviewed for compliance with the method-prescribed
preparation and analysis holding times. None of the reported analyses
were performed outside of the prescribed holding time. Accordingly,
sample results were not compromised by an excessive period between
sample collection and analysis.

Calibration Results

Before an analytical instrument is used for sample analysis, the instrument
should be calibrated to within USEPA method specifications. The purpose
of this calibration is to ensure that the instrument is appropriately
responsive to measurable chemical concentrations. If an instrument is not
properly calibrated, it may not be capable of producing acceptable
quantitative, qualitative, and reproducible data. For example, positive
detections of a given analyte could contain an undetermined degree of
inaccuracy if the instrument is out of calibration, although the results may
still be considered valid. In the case of non-detected (ND) analytes, the
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associated reporting limit would be similarly affected; however, such
results would still be considered NDs.

Two types of calibration data were reviewed: initial calibration
verification (ICV) and continuing calibration verification (CCV). The ICV
consisted of standards that were analyzed at five or more concentrations.
These concentrations ranged from the reporting limit to the upper linear
range of the instrument. Average response factors from the ICV were
used to calculate sample results. The laboratory evaluated the ICVs using
relative standard deviation (RSD). The reported RSDs were compared to
the method-prescribed acceptance criteria during the data validation.
Any data associated with an ICV that had target analytes with an RSD
above the acceptable method-prescribed criteria were qualified either “J,”
estimated, for detected analytes, or “UJ,” estimated detection limit, for ND
analytes.

The CCV is analyzed either daily or every 12 hours to ensure the
instrument response is still within method performance criteria for
linearity. = The CCV consisted of analyzing a standard at one
concentration; the concentration of this standard was generally in the mid-
range of the ICV standard concentrations. The laboratory calculated the
percent difference (%D) between CCV and the ICV. The %Ds were
compared to the method-prescribed acceptance criteria during the data
validation. Any data associated with a CCV that had target analytes with
a %D above the method-prescribed criteria were qualified either "],"
estimated, for detected analytes, or "U]J," estimated detection limit, for ND
analytes.

The results for the target compounds and project samples listed on Table
F.4-1 were qualified "UJ," estimated detction limit, based on an elevated
RSD or %D. None of the other data required qualification based on ICV
or CCV results.

Blank Samples

Blank samples are prepared in the laboratory or in the field and are
carried through the analytical process. The purpose of a blank sample is
to test for contamination resulting from laboratory, shipping, or other
sample-handling activities. Blank samples are analyzed and evaluated for
detections of target analytes. If target analytes are detected in a blank
sample, these detections indicate that some element of the sample
collection or analysis process has introduced contaminants not present in
the original environmental sample aliquot. If target analytes are detected
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TABLE F.4-1

Data Qualified Based on Calibration Results
143rd CCSQ, Seattle ANGS, Seattle, Washington

Calibration
(ICV/CCV)

Analytical

Parameter Date

Data Package

Associated
Samples

ERM
Qualifier*

RSD or

Target Compound %D

905045 VOCs Icv 5/25/99

cev 5/26/99

MW-8-99-2FT
MW-8-99-2FA
MW-8-99-2
MW-8-99-2D
MW-6-99-2
MW-7-95-2
TB051899-1
MW-4-99-2
MW-4-99-2R
MW.5.99.2
MW-3-99.2

BS-005PZ-99-2
BS-006PZ-99-2

MW-2-99-2
MW-9-99-2

BS-004PZ-99-2

MW-10-99-2
MW-1-99-2

MW-8-99-2D
MW-7-99-2
TB051899-1
MW.4.99.2
MW-4-99-2R
MW-5-99-2
MW.3-99-2

BS-005PZ-99-2
BS-006FPZ-99-2

MW.2-99-2
MW-9-99-2

BS-004PZ-99-2

MW-10-99-2
MW-1-99-2

19.9 UJ
16.2 Ul
19.8 1}
196 UJ
2.5 )|

Bromomethane
1,2-Dichloroethane
1,1,2-Trichloroethane
Chlorodibromomethane
Bromoform

Bromoform 32.8 uj

[CV= Initial calibration verification

CCV= Continuing calibration verification

RSD = Relative standard deviation

%D = Percent difference

VOCs = Volatile organic compounds

D = Duplicate sample

FA = Field blank prepared using ASTM Type II water
FT = Field blank prepared using tap water

U] = Reported detection limits for the listed compounds and samples are estimated concentrations.
* Data qualifiers applied to affected sample data points indicated.
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in a blank sample, then all associated data must be evaluated to determine
whether:

e Those data have been similarly impacted; or
e The blank detections are an isolated occurrence not representative of
other data.

The four types of blank samples analyzed and reported with the
groundwater samples collected in May 1999 were method, trip, rinsate,
and field blank samples. Preparation, handling, and analysis of these
blank samples are summarized below.

1. Method blank samples monitor for potential laboratory contamination
of samples. Method blank samples were prepared in the laboratory by
taking an aliquot of reagent water through all preparation and analysis
steps. A method blank was prepared and analyzed with each batch of
environmental samples.

2. Trip blank samples monitor for potential contamination of samples
during collection and transportation to the laboratory. Trip blank
samples were prepared by filling a volatile organics analysis (VOA)
vial with an aliquot of reagent water and sealing it with a Teflon-lined-
septum lid. The trip blank sample travels with the filled aqueous
sample containers to the laboratory.

3. Rinsate blank samples monitor for potential contamination of project
samples from inadequate decontamination of sample collection
equipment. Rinsate blank samples were prepared in the field by
pouring American Society for Testing and Materials (ASTM) Type II
reagent-grade water over the decontaminated sample collection
equipment. The water was collected in clean sample containers
supplied by the laboratory. Rinsate blank samples were labeled with
an “R” identifier at the end of the sample ID.

4. Field blank samples monitor for potential contamination of project
samples from ambient conditions at the sample collection site. Field
blank samples were prepared at sample collection locations by slowly
pouring tap water or ASTM Type II water into clean sample containers
supplied by the laboratory. Field blank samples prepared with tap
water were labeled with an “FT” identifier at the end of the sample ID.
The identifier “FA” was used to designate field blank samples
prepared with ASTM Type II water.
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No target analytes were detected in any of the method blank samples. The
common  drinking  water  contaminants  chloroform  and
bromodichloromethane were detected in sample MW-8-99-2FT, the field
blank prepared with tap water. The common laboratory contaminant
acetone was detected in sample MW-8-99-2FA, the field blank prepared
with ASTM Type II water, and in the rinsate blank, MW-4-99-2R. Acetone
was not detected in the associated project samples. None of the data
required qualification based on the blank results.

Spike Samples

A spike sample is a QC sample that is prepared and analyzed by the
laboratory. The laboratory prepares, analyzes, and reports spike sample
results to demonstrate their ability to properly analyze, detect, and
quantify target analytes. A spike sample result is typically reported as the
amount of analyte detected divided by the known amount spiked into the
sample, and is commonly referred to as percent recovery. The percent
recovery is then compared to an established limit range.1 The two types
of spike samples analyzed with the project samples were matrix and blank
spikes.

1. Matrix spike (MS) samples consist of an aliquot of an environmental
sample that is spiked with known concentrations of a subset of target
analytes. A matrix spike duplicate (MSD) sample is a second
(duplicate) spike sample prepared and analyzed with the MS sample.
MS samples are used to monitor potential interference from the sample
matrix for target analytes. A low MS recovery may indicate low-
biased sample results; a high MS recovery may indicate high-biased
sample results.

2. Blank spike samples, commonly referred to as laboratory control
samples (LCS), consist of an aliquot of reagent water that is spiked
with known concentrations of a subset of target analytes. The LCS
sample is used to monitor laboratory accuracy without the bias of a
sample matrix. LCS recoveries outside of acceptable limits may
indicate poor laboratory accuracy.

All of the MS and LCS and MS recoveries were within acceptable limits.
The acceptable MS and LCS recoveries indicate minimal matrix

1In most cases, the prescribed analytical method will specify protocol to develop appropriate
limit ranges. In some cases, however, limit ranges are established by the laboratory in the method
procedures.
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interference and acceptable laboratory accuracy for the May 1999
groundwater data.

Internal Standard Responses

Under USEPA methods, a given analyte list for organic compounds is
segregated by chemical properties and retention time into one or more
subsets. A USEPA-defined internal standard with comparable chemical
properties and retention times is assigned to each subset of analytes. The
laboratory adds a known concentration of an internal standard to each
sample, including laboratory QC samples (e.g., calibration standards, MS,
method blank samples), prior to analysis. The instrument internal
standard response for each sample is compared to the internal standard
response in the daily CCV. The sample internal standard area count must
be within the range of 0.5 to 2 times the CCV area count, and the retention
time must be within £30 seconds of the CCV retention time. If the area
count and/or retention time measured for the sample is outside the
acceptable range, quantitation results for the associated analyte subset
may be biased. Interferences from the sample matrix are typically
responsible for internal standard responses that are consistently outside
acceptable ranges; most matrix interferences cause a consistently high or
low bias.

Internal standards were added to each of the project samples analyzed for
VOCs. All of the internal standard responses were within acceptable
limits, indicating minimal matrix interference and acceptable sample
quantitation.

Surrogate Spikes

A surrogate spike is similar to an internal standard; it is chemically similar
to the target analytes and is only used in organic analyses. The difference
between surrogate spikes and internal standards is that surrogate spikes
are used only to assess possible interferences from the sample matrix,
whereas internal standards are used to quantitate target analytes while
accounting for any interferences from the sample matrix. Surrogate spike
results are typically reported in terms of percent recovery, which is
calculated by dividing the amount of surrogate detected in the sample by
the known amount of surrogate added to the sample.

For the May 1999 groundwater data, surrogate recoveries were compared
to the laboratory-generated limits of acceptance. The surrogate recoveries
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were within acceptable limits, indicating that sample results were subject
to minimal interferences from the sample matrix.

Duplicate Samples

A duplicate sample is a second aliquot of a sample that is treated the same
as the primary sample. A duplicate sample analysis is performed to
measure the precision of the method and possible heterogeneity of analyte
concentrations in the sample matrix. Duplicate field samples are collected
to measure matrix heterogeneity.

Laboratory duplicate analyses for the project samples consisted of matrix
spike duplicate analyses. The laboratory calculated the relative percent
difference (RPD) between the two detected values as applicable. The
calculated RPDs were compared to method-prescribed or laboratory-
generated acceptable limits. One field duplicate sample also was collected
and submitted for analysis.

The duplicate sample RPDs were within acceptable limits. The laboratory
RPDs and field duplicate sample results indicate acceptable analytical
accuracy and minimal matrix heterogeneity.

Overall Assessment

None of the Seattle ANGS Phase Il RI analytical data for samples collected
in May 1999 were rejected. The data set is 100 percent complete and meets
the project goal for completeness. Unqualified data can be used for
decision-making purposes. Qualified data also can be used for decision-
making purposes; however, the limitations identified by the qualifiers
should be considered when using the data. The quality of the May 1999
groundwater analytical data is acceptable for the preparation of
technically defensible documents.
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